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Sir: 

(1) Identification 
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applicable fee under 37 C.F.R. §41. 20(b)(2). 

A Notice of Appeal under 37 C.F.R. §41.31 is being concurrently filed with the applicable 
fee under 41.20(b)(1). 
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(3) Real Party in Interest 

The real party in interest in this case is Cabot Corporation. 
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(4) Related Appeals and Interferences 

The appellant is not aware of any other appeals or interferences that will directly affect, be 
directly affected by, or have a bearing on the Board's decision in the present appeal. 
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(5) Status of Claims 

Claims 22, 23, and 25 are canceled. 

Claims 1-21, 24, and 26-41 are rejected. 

No claim is withdrawn. 

Claims 1-21, 24, and 26-41 are on appeal. 
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(6) Status of Amendments 

No amendment was filed subsequent to final rejection. 
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(7) Summary of Claimed Subject Matter 

I. Concise Explanation of the Subject Matter Defined in Independent Claims 
and Separately Argued Dependent Claims 

a) Independent Claim 1 

Independent claim 1 is directed to a carbon black having an h No. of fixjm about 50 to 
about 1 12 mg/g as measured by ASTM D1510 (page 3, lines 23-24; page 17, line 18), a primary 
particle size of not greater than 25 nm as measured by ASTM D3849-89 (page 4, line 1; page 18, 
lines 4-5), and at least the following additional properties: 

a) an ash content of less than 0. 1 % as measured by ASTM D- 1 506 (page 6, lines 21- 

22); 

b) a total sulfur content of less than about 2% as measured by ASTM D- 1 6 1 9 (page 6, 
lines 22-23); and 

c) a 325 mesh residue of less than 20 ppm as measured by ASTM D- 1 5 1 4 (page 7, 
lines 1-2). 

b) Dependent Claim 2 

Dependent claim 2, which depends from claim 1 on appeal, further specifies that the I2 No. 
of the carbon black is 73-104 mg/g (page 5, line 1 1). 

c) Dependent Claim 11 

Dependent claim 11, which depends from claim 1 on appeal, further specifies that the h 
No. of the carbon black is 1 04 mg/g and the primary particle size is approximately 16 nm (page 20, 
lines 1-2; page 6, lines 4-9). 
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d) Dependent Claim 27 

Dependent claim 27, which depends from claim 4/1, recites a polymer composition 
comprising a carbon wherein the polymer comprises LLDPE, HDPE, MDPE, or combinations 
thereof (page 16, lines 1-3). 

e) Dependent Claim 30 

Dependent claim 30, which depends from claim 29/4/1, recites an article that is a pipe, 
connector, cable jacketing, membrane, molding, or components thereof (page 16, lines 8-10). 

f) Dependent Claim 31 

Dependent claim 31, which depends from claim 29/4/1, recites an article that is a pressure 
pipe that comprises a polymer composition comprising the carbon black and a polymer (page 16, 
line 12). 

g) Dependent Claim 32 

Dependent claim 32, which depends from claim 29/4/1, recites a pressure pipe that is a UV 
pressure pipe that comprises a polymer composition comprising the carbon black and a polymer 
(page 3, lines 15-16; page 4, lines 19-20; page 16, lines 6-12). 

h) Dependent Claim 34 

Dependent claim 34, which depends from claim 1, further specifies that the carbon black 
has a CDBP of less than or equal to 102 cc/100 g, as measured by ASTM D3493-86 (page 4, lines 
5-7, 9-11; page 5, lines 14-17). 

i) Dependent Claim 37 

Dependent claim 37, which depends from claim 1, fiirther specifies that the carbon black 
has an I2 No. of 50-85 mg/g; a primary particle size of less than or equal to 25 nm; and a CDBP of 
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less than or equal to 96 cc/100 g, as measured by ASTM D3493-6 (page 6, lines 14-16; page 17, 
lines 23-24). 

j) Dependent Claim 38 

Dependent claim 38, which depends on claim 37/1, further specifies that the carbon black 
has an h No. of 55-80 mg/g (page 6, lines 14-16). 
k) Dependent Claim 41 

Dependent claim 41, which depends from claim 32/29/4/1, recites a carbon black forming 
part of a UV pressure pipe comprising at least one polymer and the carbon black has an I2 No. of 
from 60-78 mg/g (page 6, lines 17-18). 
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(8) Grounds of Rejection to be Reviewed on Appeal 

1) Whether claims 1-21, 24, 26-30, and 34-40 are unpatentable under 35 U.S.C. §102(b) 
as anticipated by U.S. Patent No. 5,877,250 to Sant (Sant '250) in view of Industrial Carbon 
(Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the Medalia article (A.I. Medalia 
et al., "Particulate Carbon And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, 
No. 6, pp.48 1-492 (1982)). 

2) Whether claims 1-21, 24, 26-30, and 34-40 are unpatentable under 35 U.S.C. §102(b) 
as anticipated U.S. Patent No. 5,877,251 to Sant (Sant '251) in view of Industrial Carbon (Mantell, 
C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the Medalia article (A.I. Medalia et al., 
"Particulate Carbon And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, 
pp.481-492 (1982)). 

3) Whether claims 1-21, 26-30, and 34-40 ai« unpatentable on the grounds of 
nonstatutory obviousness-type double patenting as being unpatentable over claims 22-53 of 
Assignee's U.S. Patent No. 6,852,790 in view of hidustrial Carbon (Mantell, C.L., INDUSTRIAL 
CARBON, 2nd ed., 1946, p. 60) and the Medalia article (A.I. Medalia et al., "Particulate Carbon And 
Other Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

4) Whether claims 1-10, 26, 29-33, and 41 are unpatentable on the grounds of 
nonstatutory obviousness-type double patenting over claims 1-21 of Assignee's U.S. Patent No. 
6,482,386 in view of Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 
60) and the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other Components Of Soot 
And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

5) Whether claims 1 -9, 1 1 - 1 7, 1 9-2 1 , 24-26, 28-29, and 34-36 are unpatentable under 35 
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U.S.C. §102(b) as anticipated by or, in the alternative, under 35 U.S.C. §103(a) as obvious over U.S. 
Patent No. 6,025,429 to Yamazaki et al. in view of U.S. Patent No. 5,352,289 to Weaver et al., U.S. 
Patent No. 4,755,371 to Dickerson, Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd 
ed., 1946, p. 60), and the Medalia article (A.L Medalia et al., "Particulate Carbon And Other 
Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

6) Whether claims 30-33 are unpatentable under 35 U.S.C. §103(a) as obvious over U.S. 
Patent No. 6,025,429 to Yamazaki et al. in view of U.S. Patent No. 5,352,289 to Weaver et al., U.S. 
Patent No. 4,755,371 to Dickerson, Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd 
ed., 1946, p. 60), and the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other 
Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

7) Whether claims 1-3, 1 1-21, 24, 34-36, and 37-40 are unpatentable under 35 U.S.C. 
§102(b) as anticipated by or, in the alternative, under 35 U.S.C. §103(a) as obvious over U.S. Patent 
No. 4,013,759 to Giet in view of U.S. Patent No. 4,755,371 to Dickerson, U.S. Patent No. 5,352,289 
to Weaver et al., the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other Components 
Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)), and Industrial Carbon 
(Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60). 

8) Whether claims 1-21, 24, 26-30, and 34-40 are unpatentable under 35 U.S.C. §103(a) 
as obvious over U.S. Patent No. 4,013,759 to Giet in view of U.S. Patent No. 4,755,371 to 
Dickerson, U.S. Patent No. 5,352,289 to Weaver et al., the Medalia article (A.I, Medalia et al., 
"Particulate Carbon And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, 
pp.481-492 (1982)), hidustrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 
60), and U.S. Patent No. 4,775,778 to van Konynenburg et al. 
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(9) Argument 

1. Rejection of Claims 1-21, 24, 26-30, and 34-40 Under 35 U.S.C. §102(b) as 
anticipated by Sant (U.S. Patent No. 5,877,250) in view of Industrial Carbon 
(ManteU, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the Medalia 
article (A.I. Medalia et al., ''Particulate Carbon And Other Components Of Soot 
And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 


Claims 1-21. 24. 26-29. 34-40 

Claims 1-21, 24, 26-30, and 34-40 were finally rejected under 35 U.S.C. § 102(b) as 
anticipated by U.S. Patent No. 5,877,250 to Sant ( Sant '250) in view of Industrial Carbon (Mantell, 
C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the Medalia article (A.L Medalia et al., 
"Particulate Carbon And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, 
pp.481-492 (1982)). 

The Examiner 's Position 

In the Final Office Action (page 2), the Examiner initially indicated that the following 

characterizations of the teachings of the Industrial Carbon, the Medalia article, and the Dee Snell 

article, apply to all rejections set forth in Final Office Action: 

The following applies to all rejections herein: 
The Industrial Carbon reference is presented as evidence that as-synthesized 
carbon blacks meet the 325 mesh limitation, except for the 'poor' grades. 
Note also the sulfur values reported as typical. The Medalia reference has 
extended discussion and pictures indicating that carbon black has a small 
particle size and meets the 325 mesh limitation. The concluding section 
teaches 1% ash as conventional. Iodine and nitrogen are shown to correlate 
by the Dee Snell article pg. 186 submitted.f'^ 


^ With respect to the Dee Snell article, the appellant points out that this reference is not cited in any 
rejection statement in the Final Office Action. See, M.P.E.P. § 706.02(j)("Where a reference is relied on 
to support a rejection, whether or not in a minor capacity, that reference should be positively included in 
the statement of the rejection. See In re Hack, 428 F.2d 1341, 1342 n.3 166 USPQ 406, 407 n. 3 (CCPA 
1970)"). 
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According to the Final Office Action (page 2), the Examiner interprets and applies Sant 

'250 in view of Industrial Carbon and the Nledalia article to claims 1-21, 24, 26-30, and 34-40 in 

the following manner: 

The [Sant '250] reference teaches what appears to be the claimed carbon 
black. Specification pg. 13 indicates that the present carbon black is the 
same as that of Sant, with no modifications made. 

The Examiner added the following remarks in the Final Office Action (pages 4-5) in 

support of this rejection: 

... The arguments concerning the Sant references rely upon semantics in 
the specification. No patentable difference is seen between 'carbon black' 
and 'carbon black products' since carbon blacks are decomposition 
products. Given that the references belong to the applicant, it is not seen 
why an analysis could not be undertaken. ... Note that that ['386] patent 
also refers to Sant '250 as the basis for its synthesis, just like the present 
specification does. This is evidence that the carbon blacks do not 
patentably differ. ... 

For the following reasons, the appellant requests review and reversal of this rejection. 
The Appellant 's Position 

The present invention is directed to carbon blacks, and polymer compositions and articles 
that incorporate these carbon blacks, wherein the carbon blacks have an I2 No. of from about 50 to 
about 112 mg/g, primary particle size of not greater than 25 nm, and at least the following 
properties: a) an ash content of less than 0. 1 %; b) a total sulfiir content of less than about 2%; and 
c) a 325 mesh residue of about 20 ppm or less (page 3, lines 14-16; page 3, line 23 to page 4, line 
4; page 4, lines 16-17; page 6, line 20 to page 7, line 3). The carbon blacks that combine these 
characteristics have appropriate properties for use in polymeric compositions such as UV 
applications like pipe, film, membranes, jacketing, and the like (page 3, lines 14-16; page 4, lines 18- 
20). An advantage of the carbon blacks of the present invention is that the carbon blacks preferably 
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impart low viscosity to the polymer compositions into which they are incorporated (page 16, lines 
16-18). Another advantage of the carbon blacks of the present invention is that the carbon blacks 
impart low CMA (compound moisture absorption) to the polymer compositions into which they 
are incorporated (page 16, lines 19-21). A further advantage of the carbon blacks of the present 
mvention is that the carbon blacks can be incorporated at high carbon black loadings into polymer 
compositions (page 16, lines 22-24). 

The reference to Sant '250 at page 13 of the present application is with respect to the 
processes that can be used to make "carbon black products" in general. The reference to "carbon 
black products" at page 13 is simply with respect to the raw materials, as well as the products that can 
incorporate carbon black, such as the polymer compositions. It is respectfully noted that the term 
"carbon black products " is referred to when the present application refers at page 13 to Sant '250, and 
not the term "carbon blacks." In view of this clarification, Sant '250 does not teach or suggest the 
carbon blacks of the present invention as set forth, for instance, in claim 1 and the dependent claims. 
No admission was made that the Sant '250 patent teaches or suggests the claimed invention. 

Sant '250 also does not teach or suggest an ash content, sulfur content, or a 325 mesh residue 
as recited in the claims of the present application (e.g., see Examples 1-14, Table 3, at cols. 14-15). 
The Medalia article cited by the Examiner clearly and unequivocally teaches that a number of prior 
carbon blacks all had an ash content significantly exceeding 0.1%. Reference is made in this respect 
to carbon black samples #375, RC (Fluffy), N351, N762, N472 and NC in Table 1 on page 489 of the 
Medalia article. As indicated in Table 1 of the Medalia article, these prior carbon blacks had original 
ash content ranging from 0.27 to 0.92%. These ash contents are approximately 300% higher or more 
than the ash content of less than 0.1% specified for the presently clahned carbon black. Therefore, 
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these conventional carbon black values evidenced by Medalia do not anticipate or suggest the much 
lower ash content and sulfiir content for the carbon blacks of the present invention, which are also 
provided at the prescribed primary particle size range and iodine number value range. 

The Industrial Carbon reference fails to make up for this difference, as it has nothing to say 
about ash content or iodine values of carbon blacks. Industrial Carbon refers to sulfur content that 
ordinarily can be low as 0.01 to 0.03 but that occasionally values as high as 0.4% are encountered. 
The Industrial Carbon reference also specifically states that carbon blacks leave traces on the 325 
mesh screen and the weight percents can be from 0.03 to 0.15 percent. 0.03 percent equates to 300 
ppm, which is outside of the range recited in claim 1, which is a 325 mesh residue of less than 20 
ppm. Further, the reference in hidustrial Carbon to carbon black "traces" left on 325 mesh screen (44 
micron) on screen analysis, or, in poorer grades, 0.03 to 0.15%, is understood to be an independent 
parameter from ash content. In addition. Industrial Carbon refers to carbon blacks having an 
estimated diameter of from 60 to less than 20 millimicrons. However, the Industrial Carbon reference 
nowhere suggests that ash content and iodine values can be predicted from sulfiir content, 325 mesh 
and/or particle sizes that might known for a given carbon black. Further, there is no teaching, 
motivation, or prediction of success for one skilled in the art to make the carbon blacks having the 
particular combined parameters of claim 1 . 

In view of the above facts and evidence, this anticipation rejection is inappropriate since the 
Examiner is relying on multiple references, inclusive of Industrial Carbon and the Medalia article, to 
reject these claims under an mticipation rejection in a manner that does not comport with "modest 
flexibility" allowed imder certain circumstances to the all elements rule of anticipation as discussed 
in M.P.E.P. §2131.01, m. In relevant part, M.P.E.P. §2131.01, III, instructs as follows: 
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"To serve as an anticipation when the reference is silent about the asserted 
inherent characteristic, such gap in the reference may be filled with 
recourse to extrinsic evidence. Such evidence must make clear that the 
missing descriptive matter is necessarily present in the thing described in 
the reference, and that it would be so recognized by persons of ordinary 
skill." Continental Can Co. USA v. Monsanto Co., 948 F.2d 1264, 1268, 
20 USPQ2d 1746, 1749 (Fed. Cir. 1991)(The court went on to explain that 
"this modest flexibility in the rule that 'anticipation' requires that every 
element of the claims appear in a single reference accommodates 
situations in which the common knowledge of technologists is not 
recorded in the reference; that is, where technological facts are known to 
those in the field of the invention, albeit not known to judges." 948 F.2d at 
1268, 20 USPQ at 1749-50.). ... 


However, in view of the reasons explained above, the Industrial Carbon reference and the 
Medalia article are not evidence that makes clear that the ash content and 325 mesh residue properties 
that are presently recited are necessarily present in the carbon black disclosed by Sant '250, and that 
it would be so recognized by persons of ordinary skill. 

In view of the above-identified differences between the present claim 1 on appeal and Sant 
'250, Industrial Carbon, and Medalia, it is apparent that the Examiner has not established a prima 
facie case of anticipation (or obviousness) against present claim 1. Therefore, no experimental 
analysis should be required of appellant to show the presently carbon blacks are not inherent or 
obvious over a carbon black disclosed by Sant '250. 

In view of the above differences, and contrary to the assertion made in the Final Office 

Action (page 2), the Examiner has not found in the art "what appears to be the claimed carbon black" 

as presentiy claimed, hi relevant part, M.P.E.P. § 21 12, IV, instructs as follows: 

" ... Inherency, however, may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result fi-om a given set 
of circumstances is not sufiRcient." In re Robertson, 169 F.3d 743, 745, 49 
USPQ2d 1949, 1950-51 (Fed. Cir. 1999) (citations omitted) ... 
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In view of the above explanations by the appellant, it is apparent that the Examiner has 
attempted to premise an anticipation rejection of claim 1 on appeal based on mere probabilities or 
possibilities, which is improper. 

Claims 2-21, 24, 26-30, and 34-40, which ultimately depend from claim 1, are not anticipated 
by nor obvious over Sant '250, Industrial Carbon, or the Medalia article, for at least the same reasons 
as set forth above relative to their parent claim 1, and reference is made thereto. 

In view of the above, the appellant requests reversal of the rejection of claims 1-21, 24, 26- 
30, and 34-40 on appeal based on Sant '250, Industrial Carbon, or the Medalia article. 

For these reasons, this rejection should be reversed. 

Claim 30 

Dependent claim 30, which depends from claim 29/4/1, recites an article that is a pipe, 
connector, cable jacketing, membrane, molding, or components thereof, wherein the article 
comprises a polymer composition comprising at least one polymer and the carbon black of claim 1. 

The reasons for reversal as discussed above with respect to the rejection of parent claim 1 
based on Sant '250, Industrial Carbon, and Medalia apply equally to claim 30. Additional reasons 
for reversal are as follows. 

Sant '250 refers to polymer compositions in general. Sant '250 does not teach or suggest 
any of the articles recited in present claim 30. 

In view of the above reasons, this rejection of claim 30 should be reversed. 

2. Rejection of Claims 1-21, 24, 26-30, and 34-40 under 35 U.S.C. §102(b) as 
anticipated by Sant (U.S. Patent No. 5,877,251) in view of Industrial Carbon 
(Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the MedaUa 
article (A.I. Medalia et al., "Particulate Carbon And Other Components Of Soot 
And Carbon Black," Carbon, VoL 20, No. 6, pp.481-492 (1982)). 
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Claim 1-21. 24. 26-29. and 34-40 

Claims 1-21, 24, 26-30, and 34-40 were finally rejected under 35 U.S.C. §102(b) as 
anticipated by U.S. Patent No. 5,877,251 to Sant ( Sant '251) in view of Industrial Carbon (Mantell, 
C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the Medalia article (A.I. Medalia et al., 
"Particulate Carbon And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, 
pp.481-492 (1982)). 

The Examiner 's Position 

According to the Final Office Action (page 2), the Examiner interprets and applies Sant 

'251 in view of Industrial Carbon and the Medalia article to claims 1-21, 24, 26-30, and 34-40 in 

the following manner: 

The [Sant '251] reference teaches what appears to be the claimed carbon 
black. Specification pg. 13 indicates that the present carbon black is the 
same as that of Sant, with no modifications made. 

The Examiner added the following remarks, in relevant part, in the Final Office Action 

(pages 4-5) in support of this rejection: 

... The arguments concerning the Sant references rely upon semantics in 
the specification. No patentable difference is seen between 'carbon black' 
and 'carbon black products' since carbon blacks are decomposition 
products. Given that the references belong to the applicant, it is not seen 
why an analysis could not be undertaken. ... 

For the following reasons, the appellant requests review and reversal of this rejection. 

The Appellant 's Position 

For the same reasons as explained above by the appellant with respect to Sant '250, the 
reference to Sant '251 at page 13 of the present application is with respect to the processes that can be 
used to make "carbon black products" in general, and not carbon blacks such as presently claimed. 
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No admission was made that the Sant '251 patent teaches or suggests the claimed invention. 

Sant '251 also does not teach or suggest an ash content, sulfia- content, or a 325 mesh residue 
as recited in the claims of the present application (e.g., see Examples 1-33, Table 3, at cols. 28-30). 
As indicated, the Medalia article cited by the Examiner clearly and unequivocally teaches that a 
number of prior carbon blacks all had ash content significantly exceeding 0.1%. As also indicated, 
the Industrial Carbon reference fails to make up for this difference, as it has nothing to say about ash 
content or iodine values of carbon blacks. Also, the Industrial Carbon reference nowhere suggests 
that ash content and iodine values can be predicted from sulfur content, 325 mesh and/or particle 
sizes that might known for a given carbon black. Further, there is no teaching, motivation, or 
prediction of success for one skilled in the art to make the carbon blacks having the particular 
combined parameters of claim 1. 

Claims 2-21, 24, 26-30, and 34-40, which ultimately depend from claim 1, are not anticipated 
by nor obvious over Sant '25 1 , Industrial Carbon, or the Medalia article, for at least the same reasons 
as set forth above relative to their parent claim 1, and reference is made thereto. 

In view of the above, the appellant requests reversal of the rejection of claims 1-21, 24, 26- 
30, and 34-40 on appeal based on Sant '251, Industrial Carbon, or the Medalia article. 

For these reasons, this rejection should be reversed. 

Claim 30 

Dependent claim 30, which depends from claim 29/4/1, recites an article that is a pipe, 
cormector, cable jacketing, membrane, molding, or components thereof, wherein the article 
comprises a polymer composition comprismg at least one polymer and the carbon black of claim 1. 

The reasons for reversal as discussed above with respect to the rejection of parent claim 1 
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based on Sant '251, Industrial Carbon, and Medalia apply equally to claim 30. Additional reasons 
for reversal are as follows. 

Sant '251 refers to polymer compositions in general. Sant '251 does not teach or suggest 

any of the articles recited in present claim 30. 

In view of the above reasons, this rejection of claim 30 should be reversed. 

3. Rejection of Claims 1-21, 26-30, and 34-40 Under the Judicially Created 
Doctrine of Obviousness-type Double Patenting Over Claims 22-53 of 
Assignee's U.S. Pat. No. 6,852,790 in view of Industrial Carbon (Mantell, C.L., 
INDUSTMAL CARBON, 2nd ed., 1946, p. 60) and the Medalia article (A.I. 
Medalia et aL, ^'Particulate Carbon And Other Components Of Soot And 
Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

Claims 1-21. 26-30. 34-36. 39. and 40 

Claims 1-21, 26-30, and 34-40 were finally rejected on the grounds of nonstatutory 
obviousness-type double patenting as being unpatentable over claims 22-53 of Assignee's U.S. 
Patent No. 6,852,790 in view of Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 
1946, p. 60) and the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other Components 
Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

The Examiner's Position 

According to the Final Office Action (page 2), the Examiner interprets and apphes 

assignee's U.S. Pat. No. 6,852,790 patent in view of Industrial Carbon and the Medalia article to 

claims 1-21, 26-30, and 34-40 in the following manner: 

Although the conflicting claims are not identical, they are not patentably 
distinct fi-om each other because they claim common, overlapping, subject 
matter in the ranges of values. 

The '790 patent elucidates in col. 3 overlapping particle size, and other 
properties. The polymers are indicated in col. 8, 
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The Examiner also added the following remarks in the Final Office Action (page 5) in 

support of the rejection: 

Concerning the ODP over '790, it is argued that the specification thereof 
cannot be relied upon. However, this is not true, because inherent 
properties are being relied upon. ... Since '790 and '386 are both owned 
by the applicant, it is not seen why an analysis could not be offered to 
demonstrate the properties of these carbons. ... 


For the following reasons, the appellant requests review and reversal of this rejection. 
The Appellant 's Position 

Appellant submits that the Examiner's reasoning is flawed in his assertion that the present 

claims 1-21, 26-30, and 34-40 are obvious over claims 22-53 of Assignee's U.S. Patent No. 

6,852,790. The analysis of possible obviousness double patenting is focused on whether "conflicting 

claims" are present between the instant application and the previously issued patent to assignee, and 

not whether there may be a conflicting claim when combined with unclaimed specification 

disclosures, as suggested in the Office Action (e.g., see M.P.E.P. § 804 et seg.). As explained in 

M.P.E.P. 804, B.,1.: 

When considering whether the invention defined in a claim of an 
application would have been an obvious variation of the invention defined 
in tiie claim of a patent, the disclosure of the patent may not be used as 
prior art. General Foods Corp. v. Studiengesellschaft Kohle mbH, 972 
F.2d 1272, 1279, 23 USPQ2d 1839, 1846 (Fed. Cir. 1992). This does not 
mean that one is precluded from all use of the patent disclosure. 
The specification can be used as a dictionary to learn the meaning of a 

term in the patent claim, [citation omitted] Further, those portions of 

the specification which provide support for the patent claims may also be 
examined and considered when addressing the issue of whether a claim in 
the application defines an obvious variation of an invention claimed in the 
patent, [citation omitted] ... 
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Therefore, in asserting an obviousness-type double patenting rejection, the specification 
can only be referenced under very limited circumstances, viz., use of the specification as a 
dictionary or the claim supporting portions of the patent specification indicate whether the 
application claim on appeal is an obvious variation of an invention claimed in the patent. The 
Examiner ostensibly does not refer to the supporting portions of the specification of U.S. Pat. No. 
6,852,790 as a dictionary, so the reference ostensibly must be premised by the Examiner on an 
assertion that the supporting portions of its specification teach that unclaimed features are "obvious 
variations" to the different ones that are claimed in the given patent. 

In this respect, the alleged elucidation in column 3 of U.S. Patent No. 6,852,790 of 
overlapping particle sizes focuses solely on one possible overlapping parameter but does not 
address whether Assignee's U.S. Pat. No. 6,852,790 claims a carbon black having overlapping 
values with respect to all properties recited for the carbon black of claim 1 on appeal. As can be 
appreciated, the claimed carbon black is defined by its entire set of recited properties in combination, 
and not the properties individually in isolation fiom one another. U.S. Pat. No. 6,852,790 does not 
teach a carbon black, as a whole, that overlaps with that claimed on appeal. The appellant points out 
that U.S. Pat. No. 6,852,790 fails to claim or teach in the supporting portions of the specification any 
values for sulfur contents, 325 mesh residues, or ash contents of the carbon black product. Sulfur 
amounts of preferably less than about 8000 ppm are disclosed in U.S. Pat. No. 6,852,790 for the 
feedstock, but not for the carbon product per se (col. 6, lines 25-26). Therefore, when comparing the 
claims of the present application with the claims of U.S. Pat. No. 6,852,790, the presently claimed 
carbon black, with all its recited features being considered in combination, is not claimed by U.S. 
Pat. No. 6,852,790, nor is it disclosed to be an obvious variation in the supporting portions of the 
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specification of the patent to the compositions as claimed in U.S. Pat. No. 6,852,790. 

Therefore, this obviousness-type double patent rejection is improper. 

The Examiner also references the Industrial Carbon and Medalia references. However, as 
explained above, these references differ from the present claims, and reference is made to those 
previous explanations which also apply here, and the Industrial Carbon and the Medalia references 
would not make up for the differences between the present claims and the claims of U.S. Pat. No. 
6,852,790 patent. For example, and as explained above with respect to the Industrial Carbon 
reference, this reference specifically states that carbon blacks leave traces on the 325 mesh screen and 
the weight percents can be from 0.03 to 0.15 percent. 0.03 percent equates to 300 ppm, which is 
outside of the range recited in claim 1 on appeal, which is a 325 mesh residue of less than 20 ppm. 
Again, neither the claims nor specification of assignee's U.S. Pat. No. 6,852,790 make reference to 
325 mesh residues, sulfur levels, or ash contents. 

hi view of at least the above differences, none of claims 1-21, 26-30, and 34-40 are obvious 
over claims 22-53 of Assignee's U.S. Patent No. 6,852,790. 

For at least these reasons, this obviousness-type double patent rejection of claims 1-21, 26- 
30, and 34-40 on appeal based on U.S. Pat. No. 6,852,790 is improper and should be reversed. 

Claim 37 

Claim 37 further recites carbon black having an h No. of 50-85 mg/g; a primary particle 
size of less than or equal to 25 nm; and a CDBP of less than or equal to 96 cc/100 g. 

The reasons for reversal as discussed above with respect to the rejection of parent claim 1 
based on U.S. Pat. No. 6,852,790, Industrial Carbon, and Medalia apply equally to claim 37. 
Additional reasons for reversal are as follows. 
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No explicit analysis is provided in the final rejection explaining which claim or claims of 
U.S. Patent No. 6,852,790 recite(s) a carbon black meeting all recitations of claim 37 on appeal, and 
none is found based on the appellant's review. KSR Int'l Co. v. Teleflex Inc., 127 S.Ct. 1727, 1740- 
41, 82 USPQ2d 1385, 1396 (2007)(intemal cite omitted). For instance, there is an absence in the 
Final Office Action of an "... identified reason that would have prompted a person of ordinary skill 
in the relevant field to combine the elements in the way the claimed invention does" Id., Ill S.Ct. 
at 1741, 82 USPQ2d at 1396. Therefore, there is insuflFicient analysis set forth by the Examiner in 
the Final Office Action to support a prima facie case of obviousness against dependent claim 37 
on appeal based on the claims of U.S. Pat. No. 6,852,790. 

This obviousness-type double patent rejection of claim 37 on appeal based on U.S. Pat. No. 
6,852,790 is improper and should be reversed. 

Claim 38 

Claim 38, which depends on claim 37, fiirther recites carbon black wherein the h No. is 
55-80 mg/g. The reasons for reversal as discussed above with respect to the rejection of parent 
claim 1 based on U.S. Pat. No. 6,852,790, Industrial Carbon, and Medalia apply equally to claim 
38. Additional reasons for reversal are as follows. 

No explicit analysis is provided in the rejection explaining which claim or claims of U.S. 
Patent No. 6,852,790 recite(s) a carbon black meeting all recitations of claim 38 on appeal, and none 
is found based on the appellant's review. 

This obviousness-type double patent rejection of claim 38 on appeal based on U.S. Pat. No. 
6,852,790 is improper and should be reversed. 
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4. Rejection of Claims 1-10, 26, 29-33, and 41 Under the Judicially Created 
Doctrine of Obviousness-type Double Patenting Over Claims 1-21 of Assignee's 
U.S. Pat. No. 6,482386 in view of Industrial Carbon (Mantell, C.L., 
INDUSTRIAL CARBON, 2nd ed., 1946, p. 60), and the Medalia article (A.I. 
Medalia et al., 'Tarticulate Carbon And Other Components Of Soot And 
Carbon Black," Carbon, VoL 20, No. 6, pp.481-492 (1982)). 


Claims 1-10.26,29-30.33 

Claims 1-10, 26, 29-33, and 41 were finally rejected on the grounds of nonstatutory 
obviousness-type double patenting over claims 1-21 of Assignee's U.S. Patent No. 6,482,386 in view 
of Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60) and the Medalia 
article (A.I. Medalia et al., "Particulate Carbon And Other Components Of Soot And Carbon Black," 
Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

The Examiner 's Position 

According to the Final Office Action (page 3), the Examiner interprets and applies 

assignee's U.S. Pat. No. 6,482,386 patent in view of Industrial Carbon and the Medalia article to 

claims 1-10, 26, 29-33, and 41 in the following manner: 

Although the conflicting claims are not identical, they are not patentably 
distinct from each other because the numerical values overlap. Column 4 
teaches a tube shape and fluffy form, which indicates the 325 mesh 
limitation is met. 

The Examiner also added the following remarks in the Final Office Action (page 5) in 

support of the rejection: 

Concerning the ODP over '790, it is argued that the specification thereof 
cannot be relied upon. However, this is not true, because inherent 
properties are being relied upon. The argument concerning '386 is similar. 
Note that that patent also refers to Sant '250 as the basis for its synthesis, 
just like the present specification does. This is evidence that the carbon 
blacks do not patentably differ. Since '790 and '386 are both owned by 
the applicant, it is not seen why an analysis could not be offered to 
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demonstrate the properties of these carbons. 

For the following reasons, the appellant requests review and reversal of this rejection. 
The Appellant 's Position 

As indicated above, the analysis of possible obviousness double patenting is focused on 
whether "conflicting claims" are present between the instant application and the previously issued 
patent to assignee, and not whether there may be a conflicting claim when combined with unclaimed 
specification disclosures, as suggested in the Final Office Action (e.g., see M.P.E.P. § 804 et seq.). 
The appellant submits that the Examiner's proposition is improper as applied to the present 
circumstances for the reasons explained above in connection with discussion of the rejection based 
on U.S. Pat. No. 6,852,790, and reference is made thereto. Namely, U.S. Pat. No. 6,482,386 also 
fails to claim, or teach in the supporting portions of the specification, any values for sulfur 
contents, 325 mesh residues, or ash contents. Sulfur amounts of preferably less than about 1000 ppm 
are disclosed in U.S. Pat. No. 6,482,386 for ±e feedstock, but not for the carbon product per se (col 
4, lines 4-5). Therefore, when comparing the claims of the present application with the claims of 
U.S. Pat. No. 6,482,386, the presently claimed carbon black, with all its recited features being 
considered in combination, is not claimed by U.S. Pat. No. 6,482,386, nor is it disclosed to be an 
obvious variation in the supporting portions of the specification of the patent to the compositions 
as claimed in U.S. Pat. No. 6,482,386. 

With respect to the assertion in the Final Office Action that the teaching of a tube shape or 
fluffy form at column 4 of U.S. Pat. No. 6,482,386 indicates the 325 mesh limitation for the carbon 
black of claim 1 on appeal is met, the appellant disagrees because this assertion by the Examiner is 
based on a misreading of the patent reference or fails to explain a nexus between these shapes and 
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the 325 mesh recitation of the carbon black recited in claim 1 on appeal. In fact, column 4, lines 
51-65 of U.S. Pat. No. 6,482,386 does not refer to tube-shaped carbon black shapes, but instead 
refers to tube shapes of extruded articles made with polymeric compositions containing the carbon 
black. Column 4, lines 16-19 of U.S. Pat. No. 6,482,386 refer to fluffy or pelletized forms of 
carbon black, but the Examiner does not provide an explicit analysis of any connection alleged to 
inherently arise between either of such morphologies and the 325 mesh limitation recited in claim 
1 on appeal. 

The Examiner also references the Industrial Carbon and Medalia references. However, these 
references differ from the present claims as explained above, and reference is made thereto, and they 
would not make up for the differences between the present claims and the claims of the '386 patent. 
For example, and as explained above with respect to the hidustrial Carbon reference, this reference 
specifically states that carbon blacks leave traces on the 325 mesh screen and the weight percents can 
be from 0.03 to 0.15 percent. 0.03 percent equates to 300 ppm, which is outside of the range recited 
in claim 1 on appeal, which is a 325 mesh residue of less than 20 ppm. Again, neither the claims nor 
specification of assignee's U.S. Pat. No. 6,482,386 make reference to 325 mesh residues, sulfur 
levels, or ash contents. 

With respect to the Examiner's comment at page 5 of the Final Office Action that 
assignee's U.S. Pat. No. 6,482,386 also makes reference to the Sant '250 reference, the appellant 
again explains that the term "carbon black products " is referred to when the present application refers 
at page 13 to Sant '250, and not the term "carbon blacks." U.S. Pat. No. 6,482,386 appears to refer to 
"carbon blacks" of Sant '250 at column 3, line 43 to column 4, line 12. In view of this clarification, 
U.S. Pat. No. 6,482,386, and inclusive of any intemal reference therein to Sant '250, does not teach 
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or suggest the carbon blacks of the present invention as set forth, for instance, in claim 1 and the 
dependent claims. Again, no admission was made that the Sant '250 patent or '251 patent teaches or 
suggests the claimed invention. 

In view of at least the above differences, none of claims 1-10, 26, 29-33 and 41 are obvious 
overclaims 1-21 of Assignee's U.S. Patent No. 6,482,386. 

For at least these reasons, this obviousness-type double patent rejection of claims 1-10, 26, 
29-33 and 41 on appeal based on U.S. Pat. No. 6,482,386 is improper and should be reversed. 

Claim 31 

Claim 31 recites an article that is a pressure pipe that comprises a polymer composition 
comprising the carbon black and a polymer. The reasons for reversal as discussed above with 
respect to the rejection of parent claim 1 based on U.S. Pat. No. 6,482,386, Industrial Carbon, and 
Medalia apply equally to claim 3 1 . Additional reasons for reversal are as follows. 

No explicit analysis is provided in the rejection explaining which claim or claims of U.S. 
Patent No. 6,482,386 recite(s) a pressure pipe meeting all recitations of claim 3 1 on appeal, and none 
is found based on the appellant's review. 

This obviousness-type double patent rejection of claim 3 1 on appeal based on U.S. Pat. No. 
6,482,386 is improper and should be reversed. 

Claim 32 

Claim 32 recites a pressure pipe that is a UV pressure pipe that comprises a polymer 
composition comprising the carbon black and a polymer. The reasons for reversal as discussed 
above with respect to the rejection of parent claim 1 based on U.S. Pat. No. 6,482,386, Industrial 
Carbon, and Medalia apply equally to claim 32. Additional reasons for reversal are as follows. 
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No explicit analysis is provided in the rejection explaining which claim or claims of U.S. 
Patent No. 6,482,386 recite(s) a UV pressure pipe meeting all recitations of claim 32 on appeal, and 
none is found based on the appellant's review. 

This obviousness-type double patent rejection of claim 32 on appeal based on U.S. Pat. No. 
6,482,386 is improper and should be reversed. 

Claim 41 

Claim 41 recites a carbon black forming part of a UV pressure pipe comprising at least one 
polymer and the carbon black which has an h No. of from 60-78 mg/g, primary particle size of not 
greater than 25 nm, and at least the following properties: a) an ash content of less than about 1%; 
b) a total sulfur content of less than about 2%; and c) a 325 mesh residue of about 200 ppm or 
less. The reasons for reversal as discussed above with respect to the rejection of parent claim 1 
based on U.S. Pat. No. 6,482,386, Industrial Carbon, and Medalia apply equally to claim 41. 
Additional reasons for reversal are as follows. 

No explicit analysis is provided in the rejection explaining which claim or claims of U.S. 
Patent No. 6,482,386 recite(s) a UV pressure pipe meeting all recitations of claim 41 on appeal, and 
none is found based on the appellant's review. 

This obviousness-type double patent rejection of claim 41 on appeal based on U.S. Pat. No. 
6,482,386 is improper and should be reversed. 

5. Rejection of Claims 1-9, 11-17, 19-21, 24-26, 28, 29, and 34-36 Under 35 U.S.C. § 
102(b), or in the alternative, under 35 U.S.C. § 103(a) Over Yamazaki et al. 
(U.S. Pat. No. 6,025,429) in view of Weaver et aL (U.S. Pat. No. 5352,289), 
Dickerson (U.S. Pat. No. 4,755^71), Industrial Carbon (Mantell, C.L., 
INDUSTRIAL CARBON, 2nd ed., 1946, p. 60), and the Medalia article (A.L 
Medalia et al., ""Particulate Carbon And Other Components Of Soot And 
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Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 
Claims 1-9. 12-17. 19-21. 24-26. 28. 29. and 34-36 

Claims 1-9, 11-17, 19-21, 24-26, 28-29, and 34-36 were finally rejected under 35 U.S.C. 
§ 102(b) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over U.S. Patent 
No. 6,025,429 to Yamazaki et al. in view of U.S. Patent No. 5,352,289 to Weaver et al., U.S. Patent 
No. 4,755,371 to Dickerson, Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 
1946, p. 60), and the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other Components 
Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

The Examiner 's Position 

According to the Final Office Action (page 3), the Examiner interprets and applies 

Yamazaki et al., Weaver et al., Dickerson, Industrial Carbon, and the Medalia article to claims 1-9, 

1 1-17, 19-21, 24-26, 28, 29, and 34-36 in the following manner: 

Yamazaki teaches in the entire document, especially ex. 6 and col. 11, 
examples of acetylene blacks having low ash and grit contents, and iodine 
values of 92 and 110. Col. 1 teaches polymers and col. 3 teaches the 
loading. This does not explicitly teach all the claimed properties, however 
Weaver teaches in col. 3 that acetylene blacks are knovm to be low in ash 
and S, which is expected because they are made from a source which 
contains little or no S or metals. Note also the DBP values recited. 
Dickerson teaches in column 6 the claimed 325 mesh residue for carbon 
black. The Industrial Carbon reference is presented as evidence that as- 
synthesized carbon blacks meet the 325 mesh limitation. Therefore, it 
appears based upon this additional evidence that the carbon black of 
Yamazaki renders the claims unpatentable. The particle size is unknovra, 
but a difference should be shown. 


The Examiner also added the following remarks in the Final Office Action (page 5) in 
support of the rejection: 

... Concerning Yamazaki, the ash (and sulfur) limitation does not 
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distinguish, since the reference does not uses oils (which are known to 
contain ash and S compounds) but rather gases. What Medalia teaches 
about normal ash contents of oil blacks is irrelevant. To amplify this 
point, it is noted that gas supplied to ordinary homes is so pure that the gas 
company deliberately adds mercaptan (S compound) in trace amounts to 
permit it to be detected by smell. 

For at least the following reasons, the appellant requests review and reversal of this 
rejection. 

The Appellant 's Position 

As previously pointed, the present claims recite, inter alia, an ash content of less than 0.1% . 
not 1%. In addition, with respect to the Examiner's reliance on Yamazaki et al., it is respectfully 
noted that the grit content and ash content of Yamazaki et al. are not based on ASTM standards, but 
instead are based on JIS standards, as indicated at col. 7, lines 36-55. It is respectfully noted that the 
JIS standards are not the same as the ASTM standards relied upon in the present application. There 
is no evidence of record that measurement values obtained for grit content and ash content using the 
JIS standards are predictive in a known manner of results that would be obtained by ASTM 
standards. As indicated above, the various properties of the present invention are determined using 
ASTM test procedures and this was specifically indicated at pages 5-7 of the present application and 
elsewhere. Accordingly, reliance on these numbers in the Examiner's final rejection without 
addressing how these numbers would correspond to ASTM standards fails to establish a prima facie 
case of obviousness or even anticipation. 

In addition, it is respectfully noted that Weaver et al., while discussing carbon blacks, 
primarily relates to furnace carbon blacks, but does compare furnace carbon blacks to acetylene 
carbon blacks. It is fiarther noted that the ash content and sulfur content mentioned in Weaver et al. 
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are not based on an ASTM standard. The Examiner has not explained how the particular standards 
used in Weaver et al. would compare to the ASTM standards used in the present application. 

With respect to the Examiner's reliance on Dickerson, the Examiner's reliance on the claimed 
325 mesh is with respect to fiimace carbon blacks and, therefore, its combination with Yamazaki et 
al. would be difficult at best. Merging acetylene carbon black properties with fiimace carbon black 
properties simply is not a combination that one skilled in the art would make since the carbon blacks 
are made differently and have different properties. Even one reference relied upon by the Examiner, 
Weaver et al., acknowledges the difference in acetylene carbon blacks and fiimace carbon blacks 
(e.g., col. 3, lines 23-47). Also, it appears that Weaver et al. does not use an ASTM standard to 
measure the 325 mesh and, therefore, has the same problems as the above-mentioned references. 

In addition. Weaver et al. fails to teach any h No. or primary particle sizes of acetylene 
blacks. Dickerson refers to "Feedstock Oil" in the referenced EXAMPLE, and clearly does not relate 
to acetylene blacks (col. 5, line 49, col. 6, line 50), and thus Dickerson fails to possibly teach any 
"inherent" properties of the acetylene black of Yamazaki et al. 

The Examiner also refers to the Industrial Carbon and Medalia references. However, these 
references differ fi-om the present claims, as explained above, and they would not make up for the 
differences between the present claims and Yamazaki et al., Weaver et al., and Dickerson. For 
example, as explained above with respect to the Industrial Carbon reference, this reference relied 
upon by the Examiner does not provide a 325 mesh limitation of 200 ppm or less. In fact, the only 
number provided is a weight percent level of &om 0.03 to 0.15%, which would be far above a 20 
ppm level. As indicated above, 0.03 percent equates to 300 ppm, which is outside the range recited 
in claim 1 on appeal. Further, hidustrial Carbon have nothing to say about acetylene blacks in 
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particular, and, therefore, it fails to possibly teach any "inherent" properties of the acetylene black of 
Yamazaki et al. 

In the Final Office Action (page 5), the Examiner suggested that what Medalia teaches 
about normal ash contents of oil blacks is irrelevant, noting that Yamazaki et al. uses gases and not 
oils as feedstock, and that gas supplied to ordinary homes is so pure that the gas company adds 
scent to it. In response, the appellant points out that the Examiner can not arbitrarily pick and 
choose from the Medalia reference that which is urged by the Examiner to support the Examiner's 
rejection, such as small particle size and the 325 mesh limitation, while ignoring other essential 
features of the carbon blacks described in the Medalia article that are necessary to the full 
appreciation of what the Medalia reference fairly suggests to one of ordinary skill in the art. In re 
Wesslau, 353 F.2d 238, 241, 147 USPQ 391, 393 (CCPA 1965). In addition, Yamazaki et al. 
teaches thermal decomposition of "acetylene", as the feedstock material, to form acetylene black 
feed powder feed, which in turn is granulated (see col. 3, lines 46-49; col. 9, lines 10-35). 
Acetylene is not methane gas. Methane gas is the gas ordinarily supplied to homes. There is no 
factual evidence of record showing that the purity of methane gas supplied to homes is predictive 
of the purity of acetylene used in industrial applications, such as that disclosed by Yamazaki et al. 
Furthermore, there is no factual evidence of record that shows that the profile of decomposition 
products of methane gas is predictive of those of acetylene gas such as used in Yamazaki et al. 

In addition, claim 1 and the claims dependent on claim 1 all require a carbon black having a 
primary particle size of not greater than 25 nm . Yamazaki et al.. Weaver et al., Dickerson, the 
Industrial Carbon, and the Medalia article do not teach or even mention a primary particle size. This 
point was not addressed in this rejection as set forth in the Final Office Action. 
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Claims 2-9, 11-17, 19-21, 24-26, 28, 29, and 34-36, which ultimately depend from claim 1, 
are not anticipated by nor obvioiis over Yamazaki et al.. Weaver et al., Dickerson, Industrial Carbon, 
and the Medalia article for at least the same reasons as set forth above relative to their parent claim 1. 

In view of at least the above reasons, this rejection of claims 1, 2-9, 11-17, 19-21, 24-26, 
28, 29, and 34-36, on appeal based on Yamazaki et al., Weaver et al., Dickerson, the Industrial 
Carbon, and the Medalia article should be reversed. 

Claim 11 

Claim 1 1 further specifies an even smaller primary particle size of approximately 16 nm, in 
combination with an h No. value of approximately is 104 mg/g. The reasons for reversal as 
discussed above with respect to the rejection of parent claim 1 based on Yamazaki et al., Weaver et 
al., Dickerson, the Industrial Carbon reference, and the Medalia article, apply equally to claim 11. 
Additional reasons for reversal are as follows. 

The recitation in claim 1 1 of an even smaller primary particle size of approximately 16 nm, 
in combination with an h No. value of approximately is 104 mg/g is even fiirther distanced from 
Yamazaki et al., Weaver et al., Dickerson, the Industrial Carbon reference, and the Medalia article, 
which do not teach or even mention a primary particle size. 

Carbon blacks of claim 1 1 on appeal are not anticipated by or obvious over Yamazaki et al., 
Weaver et al., Dickerson, the Industrial Carbon reference, and the Medalia article. 

In view of the above, reversal of the rejection of claim 1 1 on appeal based on Yamazaki et 
al.. Weaver et al., Dickerson, the hidustrial Carbon reference and the Medalia article is respectfully 
requested. 
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6. Rejection of Claims 30-33 Under § 103(a) Over Yamazaki et al. (U.S. Pat. No. 
6,025,429) in view of Weaver et al. (U.S. Pat, No. 5^52,289), Dickerson (U.S. Pat. 
No. 4,755371), Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd 
ed., 1946, p. 60), and the Medalia article (A.I. Medalia et al., "Particulate 
Carbon And Other Components Of Soot And Carbon Black," Carbon^ VoL 20, 
No. 6, pp.481-492 (1982)). 

Claim 30 

Claims 30-33 were finally rejected under 35 U.S.C. § 103(a) as obvious over U.S. Patent No. 
6,025,429 to Yamazaki et al. in view of U.S. Patent No. 5,352,289 to Weaver et al., U.S. Patent No. 
4,755,371 to Dickerson, Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, 
p. 60), and the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other Components Of 
Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)). 

The Examiner 's Position 

According to the Final Office Action (pages 3-4), the Examiner interprets and applies 

Yamazaki et al.. Weaver et al., Dickerson, Industrial Carbon, Industrial Carbon, and the Medalia 

article to claims 30-33 in the following manner: 

The references do not teach the claimed pipe, however forming one is an 
obvious expedient to create an useful artifact made of the carbon and 
polymer with the desired properties. 

The Examiner also added the following remarks in the Final Office Action (page 5) in 

support of the rejection: 

... Concerning Yamazaki, the ash (and sulfiir) limitation does not 
distinguish, since the reference does not uses oils (which are known to 
contain ash and S compounds) but rather gases. What Medalia teaches 
about normal ash contents of oil blacks is irrelevant. To amplify this 
point, it is noted that gas supplied to ordinary homes is so pure that the gas 
company deliberately adds mercaptan (S compound) in trace amounts to 
permit it to be detected by smell. 
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For at least the following reasons, the appellant requests review and reversal of this 
rejection. 

The Appellant 's Position 

The comments above regarding the patentability of claim 1 in view of the same cited 
references apply equally here. Also, as indicated, claim 30 (and also claims 31, 32, and 33) are 
directed to products that can exploit the low ash content recited in parent claim 1 so as to yield, for 
example, enhanced organoleptics and CMA properties. As also indicated above, the Medalia article 
shows that conventional carbon blacks do not teach, suggest, or predict the success of such high 
purity carbon blacks as presently claimed in terms of the recited ash content and/or sulfur content, 
hi particular, the Medalia article cited by the Examiner clearly and unequivocally teaches that a 
number of prior carbon blacks all had ash content significantly exceeding 0.1%. Medalia thus 
teaches away from the present claim 30. As also explained above, Medalia has not been shown by 
the Examiner to be "irrelevant" to the ash content expected of acetylene blacks of Yamazaki et al. 
Again, methane gas that is supplied to homes is not the same as industrial acetylene gas such as 
used by Yamazaki et al. Thus, the Examiner's example based on home gas at page 5 of the Final 
Office Action is inapposite. 

Accordingly, for at least these above reasons, this rejection should be reversed. 

Claim 31 

Claim 31 recites an article that is a pressure pipe that comprises a polymer composition 
comprising the carbon black and a polymer of claims 1 and 4. The reasons for reversal as 
discussed above with respect to the rejection of parent claim 1 based on Yamazaki et al.. Weaver et 
al., Dickerson, the Industrial Carbon reference, and the Medalia article, apply equally to claim 31. 
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Additional reasons for reversal are as follows. 

A pipe, such as pressvire pipe, is a recognized article having meaning to those skilled in the 
art with respect to shape, structure, and physical parameters. However, it is not a recognized "obvious 
expedient" to create a pipe from every polymer composition in existence, as suggested in the Final 
OfiBce Action. The relied upon references do not provide an apparent reason why one of ordinary 
skill in the art would have made such a modification or why there would be a reasonable prediction 
of the success to achieve the results of the present invention. 

Accordingly, this rejection should be reversed as well. 

Claim 32 

Claim 32 recites a pressure pipe that is a UV pressure pipe that comprises a polymer 
composition comprising the carbon black and a polymer of claims 1 and 4. The reasons for 
reversal as discussed above with respect to the rejection of parent claim 1 based on Yamazaki et 
al.. Weaver et al., Dickerson, the Lidustrial Carbon reference, and the Medalia article, apply equally 
to claim 32. Additional reasons for reversal are as follows. 

A pipe, such as a UV pressure pipe, is a recognized article having meaning to those skilled in 
the art with respect to shape, structure, and physical parameters. However, it is not a recognized 
"obvious expedient" to create a pipe from every polymer composition in existence, as suggested in 
the Final Office Action. The relied upon references do not provide an apparent reason why one of 
ordinary skill in the art would have made such a modification or why there would be a reasonable 
prediction of the success to achieve the results of the present invention. 

Accordingly, this rejection should be reversed as well. 
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Claim 33 

Claim 33 recites a potable water or gas pipe that comprises a polymer composition 
comprising the carbon black and a polymer of claims 1 and 4, The reasons for reversal as 
discussed above with respect to the rejection of parent claim 1 based on Yamazaki et al., Weaver et 
al., Dickerson, the Industrial Carbon reference, and the Medalia article, apply equally to claim 33. 
Additional reasons for reversal are as follows. 

A pipe, such as a potable water or gas pipe, is a recognized article having meaning to those 
skilled in the art with respect to shape, structure, and physical parameters. However, it is not a 
recognized "obvious expedient" to create a pipe from every polymer composition in existence, as 
suggested in the Final Office Action. The relied upon references do not provide an apparent reason 
why one of ordinary skill in the art would have made such a modification or why there would be a 
reasonable prediction of the success to achieve the results of the present invention. 

Accordmgly, this rejection should be reversed as well. 

7. Rejection of Claims 1-3, 11-21, 24, 34-36, and 37-40 Under §103(a) Over Giet 
(U.S. Pat. No. 4,013,759) in view of Dickerson (U.S. Pat. No. 4,755371), Weaver 
et al. (U.S. Pat. No. 5352,289), the Medalia article (A.I. Medalia et al., 
"Particulate Carbon And Other Components Of Soot And Carbon Black," 
Carbon, Vol. 20, No. 6, pp.481-492 (1982)), and Industrial Carbon (ManteU, 
C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60). 

Claims 1-3. 11-21. 24. 34-36. and 37-40 

Claims 1-3, 11-21, 24, 34-36, and 37-40 were finally rejected under 35 U.S.C. §102(b) as 
anticipated by or, in the alternative, under 35 U.S.C. §103(a) as obvious over U.S. Patent No. 
4,013,759 to Giet in view of U.S. Patent No. 4,755371 to Dickerson, U.S. Patent No. 5,352,289 to 
Weaver et al., the Medalia article (A.I. Medalia et al., "Particulate Carbon And Other Components Of 
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Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.48 1-492 (1982)), and Industrial Carbon 
(Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60). 

The Examiner 's Position 

According to the Final Office Action (page 4), the Examiner interprets and applies Giet, 

Dickerson, Weaver et al., the Medalia article, and Industrial Carbon, to claims 1-3, 11-21, 24, 34- 

36, and 37-40 in the following manner: 

Giet teaches, in the entire patent but especially in column 6, high purity 
carbon black which can possess tiie claimed area due to the 
correspondence of iodine and nitrogen areas. It is noted that Giet does not 
actually specify which area is reported, so a difference may not exist. The 
74 micron residue reported is 200 mesh; so the 200 mesh residue is known 
to be zero. Dickerson, Weaver, Medalia and Industrial Carbon are relied 
upon as above. Concerning claims 34-36, no difference is seen due to the 
similarity of the other properties. 

For the following reasons, the appellant requests review and reversal of this rejection. 
The Appellant's Position 

The appellant observes that Giet describes only acetylene-like black having an electrical 
resistivity of 0.4 to 0.7 ohm/cm (under pressure of 6.3 bars), a carbon content higher than 99%, an 
adsorption capacity for water of filter index of at least about 80 gm of 3% acetonic water for 5 gm 
of carbon black, a particle size less than about 200 A, a surface area in the range of 85 to 115 
m^/gm, and processes for making these acetylene-like blacks (see col. 8, lines 1-27). 

Present claim 1 recites, inter alia, a 325 mesh (0.044 mm) residue of less than 20 ppm as 
measured by ASTM D-1514. The appellant points out that the only apparent reference made in 
Giet to a screen size is a mesh size of 0.074 mm, which the Examiner equates in the Final Office 
Action with 200 mesh (see col. 6, lines 10-11). Further, this reference in Giet is made in the 
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limited context of a filter index measurement made on 5 g samples of black (see col. 6, lines 6-21). 
In this respect, Giet indicates that a 5 g sample of black, on which the filter index value 
measurement is conducted, is "previously screened through a screen having a mesh size of 0.074 
mm" (col. 6, lines 10-11). Thus, for filter index testing, Giet teaches recovering the fraction of 
black particles of the entire product sample that are smaller than about 0.074 mm before 
conducting the filter index test on that smaller fraction. However, for the fiaction of the black 
particles that are 0.074 mm or larger, Giet provides no particle quantity information. Giet does not 
state that the residue on the 0.074 mm (200 mesh) size screen was known to be zero, as alleged in 
the Final Office Action. In fact, if there was zero residue on the 0.074 mm mesh size, there would 
be logical reason for one skilled in the art to be conducting the sieving at that particular mesh size. 
As also can be technically understood, particles large enough to be retained on 0.074 mm (200 
mesh) size would inherently all be retained on an even smaller mesh size of 325 mesh (0.044 mm). 
However, as indicated, Giet fails to provide the residue (retained) information for the larger 0.074 
mm mesh size. Also, it can be technically appreciated that for the fraction of black particles of 
Giet's black product that passes through 0.074 mm (200 mesh) size, it is theoretically possible that 
none, some, or even all of that fraction could be retained as "residue" on a smaller mesh size of 
325 mesh (0.044 mm). Thus, knowledge from Giet that some fraction of the black particles of an 
acetylene black product passed through 0.074 mm (200 mesh) size does not permit any technical 
inference to be drawn with any certainty about the 325 mesh residue quantity of that same product 
sample. 

With respect to particle sizes, Giet also indicates that the acetylene-like black has particle 
sizes "in the range of 150 to 200 A ... measured by nifrogen adsorption" (col. 6, lines 4-48). The 
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appellant points out that particle size estimation by nitrogen adsorption does not correspond with 
particle size measurements determined by ASTM D3 849-89, such as recited for primary particle 
sizes in present claim 1 on appeal. It is explained that primary particle size measurement according 
to ASTM D3 849-89 is a measurement of number-average primary particle size determined by 
using a transmission electron microscope at a magnification of 30,000 for 100 particles selected at 
random. For example, at col. 18, lines 23-27 of U.S. Patent No. 5,856,055, the patent explains 
these details of the ASTM D3849-89 procedure. A partial copy of the above-referenced passages 
in U.S. Patent No. 5,856,055, which was downloaded from the US PTO's website, is reproduced 
in relevant part below. 


5,a 

17 

1-70 nm, a BET specific surface are* according lo nitroeen 
adsorption (SBET) of at most 100 isrlg, a pH of at least 2.0, 
a volatile miitler content of at most 2 wl. %. and a UUP 
(dibulyl phlhalafe) absorptivity of SO-200 ml/g. 

The carbon bladi may have an average primary article 
size of 10-70 nm, more preferably 20-60 am, further 
preferably 2.5-45 nm. If the carbon black bas an average 
primary particle size of below 10 nm, the pnlymerixable 
monomer composition containing Ihe carbon black as well 
as the specific azo iron compound is liable to have an 
excessively large viscosity, and the fine panicle formation 
thereof without agglomeration becomes difficult. Further, 
liecause of too small a prirnary parlidc size, it becomes 
difficuh to disperse llie carbon black in the polymerizable 
monomer composition. On the other hand, if the carbon 
black has an average primary panicle size in excess of 70 
nm, only a low coloring power can be attained even if it is 
well dispersed and, when used in a large amount in order to 
increase Ihc coloring power, the resiillaol loner is caiised to 
have a lower chargcabilily. 

It is preferred thai the carbon black has a pll of at least 
2.0, more preferably at least 4.0. If the carbon black has a pH 
below 2.0, the carbon black is caused to have many func- 
tional groups, which are liable to inhibit (be jKilymerizalion. 

It is preferred that the carbon black has a specific surface 
area (S^^) of raosl 100 m'/g. more preferably 30-90 
m^/g, turUier preferably 40-90 m'/g. The volatile mailer 

^-rwCnt (h« r.rlmn hinnlr mav nmfr.nihlv hft «1 mnsi 7 vii 
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compound and 10 wt parts of carlion black was stirred by 
means of a slirrer al 200 rpm for ] 80 min. On the other band, 
another polymeri/able mixture was prepared similarly 
except for omitting the addition of the azo iron compound. 

S The two mixtures wore lostcd by standing for evaluation of 
dispenaon stability. As a result, the mixture containing no 
azo iron compound caused precipitation after 3 days, 
wherea.s the mixture containing the azo iron compound was 
free firom precipitation even after 30 days of standing. 

10 The above-mentioned values for the respective properties 
of carbon black are based on values measured according to 
the follow ing methods: 

(1) DBP absorplivily 

Mea.sured by dripping DBP (dibulyl pbthalate) omo a diy 
15 sample of carbon black (according lo JIS K6221, 
A-melbod). 

(2) Specific surface area (Sj^y) according to nitrogen 

Measured according to ASTM 133037. 
20 (3) Volatile matter content 

Determined by measuring the weights befbie and after 
heating of a carbon black sample (according to JIS K6221). 
(4) Average primary particle size 
A number-average primary particle size is determined by 
25 using a transmission electron microscope at a magnification 
of 30,000 for 100 particles selected at random (according to 
ASTM D3849-89). 


Thus, it is unknown and can not be predicted with certainty whether the primary particle 
size values reported by Giet is equivalent to a primary particle size of not greater than 25 nm as 
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measured by ASTM D3849-89, as recited in claim 1 on appeal. 

In addition, the Examiner equates the "surface area" values mentioned by Giet with the 
Iodine numbers recited in the present claims. First, Giet does not teach that the surface area values 
are nitrogen adsorption surface area values in particular, as assumed by the Examiner. Other 
possibilities exist, such as CTAB surface area values. Nor is any applicable surface area 
measurement standard indicated by Giet. Further, even assuming for sake of argument only, that 
Giet intended to refer to nitrogen adsorption surface area values, it is technically flawed to 
automatically assume that those values would numerically correspond with iodine absorption 
surface area values for the same product. With respect to the Examiner's assertion in the rejection 
that iodme numbers and nitrogen values have "correspondence," the appellant respectfully disagrees 
with this statement. If iodine numbers and nitrogen values correspond to each other, there would be 
no reason to have each test and yet the carbon black industry clearly measures carbon blacks using 
both tests as an ordinary practice in this field. Further, it is noted that the appellant previously 
submitted in the record before the Examiner a copy of an article on carbon black from the 
Encyclopedia of Chemical Technology, Vol. 4, 4* Ed., 1992, with appellant's response of July 
20, 2006, which summarizes the various test methods for surface area and other analytical methods. 
A copy of this article is included in the Evidence Appendix of this Appeal Brief As shown in the 
included copy of the article, iodine adsorption is based on the amount of iodine adsorbed from an 
aqueous solution, wherein nitrogen surface area, such as BET surface area, is calculated fix)m the 
amount of adsorbed nitrogen at liquid nitrogen temperature, (see Table 5, page 1058). Further, the 
supplied chart from the Encyclopedia of Chemical Technology, namely Table 7 (see page 1061), 
further shows that iodine numbers can be different from nitrogen surface area. Accordingly, in view 
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of this evidence the Examiner's assvimptions and justification for the rejection in this respect are not 
supported technically. 

In the Final OfiBce Action (page 2), the Examiner relies on the information provided on page 
186 of the Dee Snell article for his proposition on the correlation or equivalence of nitrogen surface 
area and iodine numbers. The Examiner's reliance on the Dee Snell article as evidence showing 
iodine numbers and nitrogen surface areas correlate is flawed. The plot shown in Figure 7 on page 
186 of Dee Snell may appear, for sake of argument, to generally show a correlation between nitrogen 
surface area and iodine adsorption for "furnace blacks." However, Figure 7 is explained in greater 
detail on subsequent page 187 of the Dee Snell article. The Dee Snell article clearly indicates on 
page 187 that the correlation for rubber grade carbons, such as shown in Figure 7, is not universal. In 
particular, the Dee Snell indicates that the iodine adsorption-nitrogen surface area correlation for 
rubber grade carbons may only apply to certain types of carbons, such as low-volatile, nonporous 
carbons. The Dee Snell article fiirther explains on page 187 that "[d]eviations from linearity in the 
BET nitrogen-iodine adsorption correlation" occur with some types or classes of carbons, such as 
"carbons having a highly unsaturated oil on the surface or an oxygen volatile content per unit surface 
area significantly greater than the rubber grade fijrnace carbons." The Examiner has not identified 
any specific carbon black(s) in Giet that are considered by the Examiner to correspond to the specific 
types identified by Dee Snell that can have iodine and nitrogen surface area correlation, and as 
distinguished from other types of carbon blacks that would not correlate or be predicted to correlate 
according to the teachings of the Dee Snell article. Thus, the Dee Snell article is not evidence that 
shows with certainty that any carbon blacks of Giet inherently will be predicted and expected to have 
nitrogen surface area values that correlate with iodine adsorption values. Thus, insufficient 
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information is disclosed by Giet to permit or support an inference that the "svirface area" values 
disclosed by Giet will correspond numerically to iodine values. 

Giet is also silent on ash content and sulfur values of the acetylene-like blacks of that 
reference. Dickerson, Weaver et al., the Medalia article, and Industrial Carbon, do not cure the 
deficiencies of the primary reference to Giet, including in those respects, for similar reasons as 
explained above with respect to the rejection based on Yamazaki et al., and reference is made 
thereto. 

Claims 2-3, 11-21, 24, 34-36, and 37-40, which ultimately depend from claim 1, are not 
anticipated by nor obvious over Giet, Dickerson, Weaver et al., the Medalia article, and hidustrial 
Carbon, for at least the same reasons as set forth above relative to their parent claim 1 . 

In view of at least the above reasons, this rejection of claims 1-3, 11-21, 24, 34-36, and 37- 
40, on appeal based on Giet, Dickerson, Weaver et al., the Medalia article, and Industrial Carbon, 
should be reversed. 

8. Rejection of Claims 1-21, 24, 26-30, and 34-40 Under § 103(a) Over Giet (U.S. 
Pat. No. 4,013,759) in view of Dickerson (U.S. Pat. No. 4,755^71), Weaver et al. 
(U.S. Pat No. 5352,289), the Medalia article (A.I. Medalia et al., "Particulate 
Carbon And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, 
No. 6, pp.481-492 (1982)), Industrial Carbon (ManteU, C.L., INDUSTRIAL 
CARBON, 2nd ed., 1946, p. 60), and van Konynenburg et aL (U.S. Patent No. 
4,775,778) 

Claims 1. 3-6. 10. 12-21. 24. 26. 28. 29. and 35-40 

Claims 1-21, 24, 26-30, and 34-40 were finally rejected under 35 U.S.C. § 103(a) as obvious 
over U.S. Patent No. 4,013,759 to Giet in view of U.S. Patent No. 4,755,371 to Dickerson, U.S. 
Patent No. 5,352,289 to Weaver et al., the Medalia article (A.I. Medalia et al., "Particulate Carbon 
And Other Components Of Soot And Carbon Black," Carbon, Vol. 20, No. 6, pp.481-492 (1982)), 
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Industrial Carbon (Mantell, C.L., INDUSTRIAL CARBON, 2nd ed., 1946, p. 60), and U.S. Patent 
No. 4,775,778 to van Konynenburg et al. 

The Examiner 's Position 

According to the Final Office Action (page 4), the Examiner interprets and applies Giet, 

Dickerson, Weaver et al., the Medalia article. Industrial Carbon, and van Konynenburg et al. to 

claims 1-21, 24, 26-30, and 34-40 in the following manner: 

Giet not does [sic\ show a polymer material, but teaches the advantages 
thereof in col. 1. Using the clamed [sic] polymers is an obvious expedient 
to provide an 'electro-conductive rubber' composition. The amount of 
carbon is deemed an obvious expedient of optimization of properties; the 
wide range of ratios include what appear to be conventional ratios- see 
Von Konynenburg [sic] col. 8 and 15. Note also hi re Boesch 205 USPQ 
215. Claim 30 appears to encompass normal shapes of extruded polymer. 

For the following reasons, the appellant requests review and reversal of this rejection. 

The Appellant 's Position 

Claim 1 on appeal recites an iodine number of from about 50 to about 1 12 mg/g, besides 
other properties. Van Konynenburg et al. refers to "Regal 660" as Type No. 3 in Table 1 at column 
13 of the reference. In the OfiBce Action of April 20, 2006 (page 2), the Examiner specifically 
identified and relied upon Regal 660 as a carbon black taught by van Konynenburg et al., which was 
considered relevant by the Examiner. However, Regal 660 carbon black has an iodine number of 
125 mg/g. In this respect, the appellant directs attention to what is shown in a portion of U.S. 
Patent No. 6,627,693 Bl, and, particularly, see col. 5, Table 1, Sample 8 therein, which 
corresponds to Regal 660. Also, at col. 5, line 5 U.S. Patent No. 6,627,693 Bl, the table indicates 
that ASTM procedure "D-1510" was used to measure iodine number for Sample 8, which is the 
same ASTM standard test as used to measure the iodine number for purposes of the disclosure of 
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the present application (see page 17, line 18). A partial copy of the above-referenced passages in 
U.S. Patent No. 6,627,693 Bl, which was downloaded from tiie US PTO's website, is reproduced 
in relevant part below. 

US 6,627,693 Bl 


TABLE 2-coniimicd 


Tkble 1 sols forth the analytical properties of the caibon pounds 1-9: 
blacks of compounds 1-9. Compounds 2r-9 contain fTirnace 

carbon blacks of the present invention. Compound 1 con- 

tains a conventional fiirnace catboa black control. Maduiu* temillc 


The following te.st proccduns were used to evaluate the 
physical properties of Ibc rubber compositions of com- 


1>412 
ud eJongaUon at brook 

TABLE 1 I'lei Kaligue-ail Growm MliJtL MIcIV, Sinunidii mode, 

— ^— — — — — touted .1 43- C 

1 2 .1 4 S 6 7 R 9 Abiuion Rflriuinn Aluon Anels Abrader, 30° ingle 

N650 ABCDUFGII Rebouiid D-10S4 

BYK<J«tdii« Mim TKI Ckmi Meter 


I2NO 36 82 13i 2SS 258 258 3S6 J25 ISO lemai lIuKer Lutieciin 6000, KT, 065 QELAB 

m? 122 102 1t4 117 105 64 I.U GO 14.1 Color Space 

Hal 56 103 115 148 153 151 141 1.16 146 

CTAS 38 82 111 167 211 240 251 125 150 

N,SA 38 83 119 200 220 230 367 125 150 Most imporUBtly, gloss was measured 00 tensile slsbs oot 

i-sraRUNGVH;2-VULCAN3i3.vuu:AN6i4.BP700.S- ^ T'f' ' BYK-Gardncr Micro TKI Gloss 

U^mm 7 - ,^^i'~ m'J^^,^6\ ""der bghl n^fiixling at a 60° angle. Jelnes.s was 

•lllndeMineiQraboKSffponitioii. measured fay the Ilunler Labscan 6000, 10 degree, D65 
CIELAB Color Space, measuring each compound versus a 

As can be appreciated, tiie 125 mg/g iodine number of Regal 660 is numerically 
significantly outside the about 50 to about 1 12 mg/g range recited for iodine number in claim 1 on 
appeal. The appellant submits that the above-referenced portion of U.S. Patent No. 6,627,693 Bl 
is evidence that van Konynenburg et al. describes different carbon blacks from the present claims 
with respect to at least one of the presently recited carbon black properties. Thus, the Examiner's 
proposed modification of Giet in view of van Konynenburg et al. ignores important features of the 
latter that would have lead one of ordinary skill in the art away from the present invention. 

Further, it is respectftdly noted that in van Konynenburg et al., no ASTM methods are 
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described. There is a reference to an article at col. 6, beginning at line 45, but no test procedures are 
identified. The test procedure used to measure various parameters can be quite relevant, since 
different test procedures can lead to different results. Thus, it is unclear with respect to van 
Konynenburg et al. whether a fair comparison can even be made with other parameters set forth in 
claim 1 on appeal, such as particle size. It is noted that in the present application, ASTM test 
numbers are provided for properties of iodine number, particle size, 325 mesh residue, ash content, 
sulfur content, CDBP and so forth (e.g., see p. 5, lines 12-17; page 6, line 21 to page 7, line 3; p. 17, 
lines 18-20, 23-24; and p. 18, lines 4-5) of the present specification. For example, for particle size, 
ASTM test procedure D3849-89 is used (see page 5, lines 12-13; page 18, lines 4-5). Moreover, 
when particle sizes on the order of nanometers are described, using a different test procedure can 
shift the measurement several nanometers and can be sufficient in being quite different firom the 
ranges provided in the claimed invention. Further, van Konynenburg et al. does not teach or suggest 
any sulfur contents or ash contents, and did not consider it relevant from the standpoint of 
performance of the carbon black m polymer compositions 

The appellant respectfully submits that there is no adequate factual basis that can be 
derived from van Konynenburg et al. to properly support and reach a conclusion that van 
Konynenburg et al. compensates for any of the above-identified deficiencies of Giet relative to 
claim 1 on appeal. 

Further, Dickerson, Weaver et al., the Medalia article, and hidustrial Carbon, do not cure 
above-indicated deficiencies of the primary reference to Giet relative to claim 1 for similar reasons 
as explained above with respect to the rejection based on Yamazaki et al., and reference is again 
made thereto. 
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Claims 2-21, 24, 26-30, and 34-40, which ultimately depend from claim 1, are not anticipated 
by nor obvious over Giet, Dickerson, Weaver et al„ the Medalia article. Industrial Carbon, and van 
Konynenburg et al., for at least the same reasons as set forth above relative to their parent claim 1, 
and reference is made thereto. Furthermore, other than perhaps claims 7-9 (reciting carbon black 
amounts in the polymer compositions), the Final Office Action does not provide any analysis that 
articulates some reasoning or analysis with some rationale underpinning to support a legal 
conclusion of obviousness against dependent claims 2-21, 24, 26-30, and 34-40. This analysis 
should be made explicit Therefore, there is insufficient analysis set forth by the Examiner in the 
Final Office Action to support a prima facie case of anticipation or obviousness against dependent 
claims 2-21, 24, 26-30, and 34-40 on appeal. 

In view of the above, the appellant requests reversal of the rejection of claims 1-21, 24, 26- 
30, and 34-40 on appeal based on Giet, Dickerson, Weaver et al., the Medalia article. Industrial 
Carbon, and van Konynenburg et al. 

Claim 2 

Claim 2 further specifies that the I2 No, is 73-104 mg/g. The reasons for reversal as 
discussed above with respect to the rejection of parent claim 1 based on Giet, Dickerson, Weaver et 
al., the Medalia article. Industrial Carbon, and van Konynenburg et al., apply equally to claim 2. 
Additional reasons for reversal are as follows. 

The recitation of an Iodine number of 73-104 mg/g is even further distanced from the 125 
mg/g iodine value applicable to Regal 660 in van Konynenburg et al., as explained above by the 
appellant. Carbon blacks of claim 2 on appeal are not obvious over Giet, Dickerson, Weaver et al., 
the Medalia article. Industrial Carbon, and Konynenburg et al. 
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In view of the above, reversal of the rejection of claim 2 on appeal based on Giet, 
Dickerson, Weaver et al., the Medalia article. Industrial Carbon, and van Konynenburg et al. is 
respectfully requested. 

Claims 7-9 

Claims 7-9 recite a polymer composition comprising, per 100 parts by weight polymer, 0.5 
to 300 parts by weight carbon black (claim 7), or 0.5 to 100 parts by weight carbon black (claim 
8), or 0.5 to 80 parts by weight carbon black (claim 9). The reasons for reversal as discussed 
above with respect to the rejection of parent claim 1 based on Giet, Dickerson, Weaver et al., the 
Medalia article, Industrial Carbon, and van Konynenburg et al., apply equally to claims 7-9. 
Additional reasons for reversal are as follows. 

Van Konynenburg et al. does not teach or suggest that the amount of acetylene-like blacks, 
such as those of Giet, as used in a polymer composition would have been an obvious expedient at 
the time of the present invention. Further, the Final Office Action does not indicate where van 
Konynenburg et al. teaches or suggests use of an acetylene black in any polymer composition. 
Further, the Examiner's reliance on the authority of In re Boesch, 205 USPQ 15, at page 4 of the 
Fmal Office Action is misplaced as van Konynenburg et al. does not teach or suggest at columns 8 
and 15 thereof that the carbon black amount or proportion is a results-effective variable to be 
optimized (see M.P.E.P. §2144.05, citing In re Boesch). 

In view of the above, reversal of the rejection of claims 7-9 on appeal based on Giet, 
Dickerson, Weaver et al., the Medalia article, hidustrial Carbon, and van Konynenburg et al. is 
respectfully requested. 
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Claim 11 

Claim 11 further specifies that the h No. is 104 mg/g and the primary particle size is 
approximately 16 nm. The reasons for reversal as discussed above with respect to the rejection of 
parent claim 1 based on Giet, Dickerson, Weaver et al., the Medalia article, Industrial Carbon, and 
van Konynenburg et al., apply equally to claim 1 1 . Additional reasons for reversal are as follov^^s. 

The recitation ofh No. is 104 mg/g and a primary particle size of approximately 16 nm is 
even further distanced fi-om the 125 mg/g iodine value applicable to Regal 660 in van 
Konynenburg et al., as explained above. Van Konynenburg et al. also fail to teach or suggest or 
predict a carbon black combining the iodine and primary particle size values recited in claim 1 1 on 
appeal. 

In view of the above, reversal of the rejection of claim 1 1 on appeal based on Giet, 
Dickerson, Weaver et al., the Medalia article. Industrial Carbon, and van Konynenburg et al. is 
respectfully requested. 

Claim 27 

Claim 27 recites a polymer comprising LLDPE, HDPE, MDPE, or combinations thereof. 
The reasons for reversal as discussed above with respect to the rejection of parent claim 1 based on 
Giet, Dickerson, Weaver et al., the Medalia article, hidustrial Carbon, and van Konynenburg et al., 
apply equally to claim 27. Additional reasons for reversal are as follows. 

Van Konynenburg et al. mentions fillers dispersed in cross-linked rubbers, elastomeric 
gums and thermoplastic elastomers (col. 3, line 63 to col. 4, line 10; col. 4, lines 56-59; col. 7, 
lines 23-26; col. 17, lines; abstract, lines 1-3), and not LLDPE, HDPE, MDPE, or combinations 
thereof Further, claim 27 contains the carbon black of claim 1 . As shown, van Konynenburg et al. 
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does not teach or suggest this carbon black. Therefore, Giet, Dickerson, Weaver et al., the Medalia 
article, Industrial Carbon and van Konynenburg et al. does not render obvious claim 27 on appeal. 

In view of the above, reversal of the rejection of claim 27 on appeal based on Giet, 
Dickerson, Weaver et al., the Medalia article. Industrial Carbon, and van Konynenburg et al. is 
respectfully requested. 

Claim 30 

Claim 30 recites an article that is a pipe, connector, cable jacketing, membrane, molding, 
or components thereof that comprise a polymer composition comprising the carbon black and a 
polymer of claims 1 and 4. The reasons for reversal as discussed above with respect to the 
rejection of claim 1 based on Giet, Dickerson, Weaver et al., the Medalia article, hidustrial Carbon, 
and van Konynenburg et al., apply equally to claim 30. Additional reasons for reversal are as 
follows. 

None of the relied upon references in the rejection show with evidence that claim 30 on 
appeal recites articles that "encompass normal shapes of extruded polymer," as suggested in the 
Final OfiSce Action. The appellant further submits that it is not an "obvious expedient" to create 
the shaped polymeric articles of claim 30 from every polymer composition in existence. 

Accordingly, this rejection should be reversed as well. 

Claim 34 

Claim 34, which depends on claim 1, recites a CDBP of less than or equal to 102 cc/100 g. 
The reasons for reversal as discussed above with respect to the rejection of parent claim 1 based on 
Giet, Dickerson, Weaver et al., the Medalia article. Industrial Carbon, and van Konynenburg et al., 
apply equally to claim 34. Additional reasons for reversal are as follows. 
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Van Konynenburg et al. states that tiie Regal 660 carbon black in Table 1 at column 13 
having a DBP of 54 cc/lOOg must have nitrogen (N^) absorption of 1 12 m^/g. The van Konynenburg 
et al. reference does not suggest how one of ordinary skill can lower the nitrogen absorption of Regal 
660 while maintaining the same indicated DBP property and primary particle size, nor suggest why 
such a modification might be desirable or provide predictable results. 

In view of the above, reversal of the rejection of claim 34 on appeal based on Giet, 
Dickerson, Weaver et al., the Medalia article. Industrial Carbon, and van Konynenbvirg et al. is 
respectfully requested. 


For the reasons set forth above, the appellant submits that the claims presently pending in 
the above-captioned application meet all of the requirements of patentability. It is therefore 
respectfully requested that the Honorable Board reverse the Examiner and remand this application 
for issue. 


Atty. Docket No.: 02077(3600-395-01) 
KILYK & BOWERSOX, P.L.L.C. 
400 Holiday Court, Suite 102 
Warrenton,VA 20186 
Tel.: (540) 428-1701 
Fax: (540)428-1720 


Conclusion 


Respectfully submitted. 
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(10) Claims Appendix 

1 . A carbon black having an h No. of from about 50 to about 1 12 mg/g as measvired 
by ASTM D 1 5 1 0, primary particle size of not greater than 25 nm as measured by ASTM D3849- 
89, and at least the following properties: 

a) an ash content of less than 0.1% as measured by ASTM D-1506; 

b) a total sulfur content of less than about 2% as measured by ASTM D-1619; 

and 

c) a 325 mesh residue of less than 20 ppm as measured by ASTM D- 1 5 1 4. 

2. The carbon black of claim 1 wherein I2N0. is 73-104 mg/g. 

3. The carbon black of claim 2 wherein the I2 No. is 75-99 mg/g, 

4. A polymer composition comprising at least one polymer and the carbon black of 
claim 1. 

5. The polymer composition of claim 4 wherein the h No. of the carbon black is 73- 
104 mg/g. 

6. The polymer composition of claim 4 wherein the I2 No. of the carbon black is 75-99 

mg/g. 

7. The polymer composition of claim 4 wherein the polymer composition comprises 
0.5 to 300 parts by weight carbon black per 100 parts by weight of polymer. 

8. The polymer composition of claim 4 wherein the polymer composition comprises 
0.5 to 100 parts by weight carbon black per 100 parts by weight of polymer. 

9. The polymer composition of claim 4 wherein the polymer composition comprises 
0.5 to 80 parts by weight carbon black per 100 parts by weight of polymer. 
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10. The polymer composition of claim 4 wherein the polymer is a polyethylene or 
copolymers thereof. 

11. The carbon black of claim 1 wherein the I2N0. is approximately 104 mg/g and the 
primary particle size is approximately 16 nm. 

12. The carbon black of claim 1 wherein the I2N0. is approximately 89 mg/g 
and the primary particle size is approximately 18 nm. 

13. The carbon black of claim 1 wherein the I2N0. is approximately 91 mg/g 
and the primary particle size is approximately 18 nm. 

14. The carbon black of claim 1 wherein the I2N0. is approximately 99 mg/g 
and the primary particle size is approximately 17 nm. 

15. The carbon black of claim 1 wherein the I2N0. is approximately 86 mg/g 
and the primary particle size is approximately 19 nm. 

1 6. The carbon black of claim 1 wherein the I2 No. is approximately 96 mg/g 
and the primary particle size is approximately 17 nm. 

17. The carbon black of claim 1 wherein the I2 No. is approximately 85 mg/g 
and the primary particle size is approximately 17 nm. 

1 8. The carbon black of claim 1 wherein the I2 No. is approximately 73 mg/g 
and the primary particle size is approximately 18 imi. 

19. The carbon black of claim 1 wherein the I2 No. is approximately 86 mg/g 
and the primary particle size is approximately 19.5 nm. 

20. The carbon black of claim 1 wherein the I2 No. is approximately 90 mg/g 
and the primary particle size is approximately 19 nm. 
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21 . The carbon black of claim 1 wherein the I2 No. is approximately 89 mg/g 
and the primary particle size is approximately 17 nm. 

24. The carbon black of claim 1, wherein said total sulfur content is less than about 

0.1%. 

26. The polymer composition of claim 4, wherein said polymer is a polyolefin. 

27. The polymer composition of claim 4, wherein said polymer comprises LLDPE, 
HDPE, MDPE, or combinations thereof. 

28. The polymer composition of claim 4, wherein said polymer comprises a 
polystyrene, polycarbonate, nylon, or combinations thereof or copolymers thereof 

29. An article comprising the polymer composition of claim 4. 

30. The article of claim 29, wherein said article is a pipe, connector, cable jacketing, 
membrane, molding, or components thereof. 

3 1 . The article of claim 29, wherein said article is a pressure pipe. 

32. The article of claim 29, wherein said pressure pipe is a UV pressure pipe. 

33. The article of claim 29, wherein said article is a potable water or gas pipe. 

34. The carbon black of claim 1, further comprising a CDBP of less than or equal to 
102 cc/100 g, as measured by ASTM D3493-86. 

35. The carbon black of claim 34 wherein the CDBP is 70- 1 00 cc/1 00 g. 

36. The carbon black of claim 34 wherein the CDBP is 80-95 cc/100 g. 

37. The carbon black of claim 1, having an h No. of 50-85 mg/g; a primary particle size 
of less than or equal to 25 nm; and a CDBP of less than or equal to 96 cc/100 g, as measured by 
ASTMD3493-86. 
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38. The carbon black of claim 37 wherein the I2 No. is 55-80 mg/g. 

39. The carbon black of claim 37 wherein the primary particle size is fix)m greater than 
20 nm to 25 nm. 

40. The carbon black of claim 37 wherein the CDBP is 50-96 cc/100 g. 

4 1 . The carbon black of claim 32 wherem the h No. is 60-78 mg/g. 


-56- 


U.S. Patent Application No. 10/620,269 
Appeal Brief of December 5, 2008 


(11) Evidence Appendix 

(I) Encyclopedia Of Chemical Technology, 
"Carbon (Carbon Black)", E.M. Dannenberg, 
Vol. 4, 4th Ed., 1992, pp. 1037-1074, 
New York, Wiley-Interscience (39 pages). ^ 


(II) Encyclopedia Of Industrial Chemical Analysis 

Ed. by F. Dee Snell et al.. Vol. 8, pp. 163, 186-187, 243, Interscience Publishers, 
(6 pages).^ 


^ Cited with the Appellants' Amendment filed July 20, 2006. 

^ Cited by Appellant on form PTO/SB/08a filed July 20, 2006, as part of a "Non Patent Literature 
Documents" listing described as "Communication of a Notice of Opposition from European Patent Office 
dated June 6, 2005 and English translation of Opposition filed by Degussa AG on May 10, 2005 in 
European Patent No. 1 114 848," which submission included a copy of the Dee Snell document, which was 
identified on the leading page as opposition reference document "DIO." 


-57- 


EVIDENCE APPENDIX T 


Encyclopedia Of Chemical Technology, 
"Carbon (Carbon Black)", E.M. Dannenberg, 
Vol. 4, 4th Ed., 1992, pp. 1037-1074, 
New York, Wiley-Interscience (39 pages) 


CABOT RESIARGH PAPER 192-271 


CARBON (CARBON BLACK) 


E. M. DANNENBER6 



CARBON BLACK 


Carbon black is a generic term for an important family of products used princi- 
pally for the reinforcement of rubber, as a black pigment, and for its electrically 
conductive properties. It is a fluffy powder of extreme fineness and high surface 
area, composed essentially of elemental carbon. Plants for the mantifacture of 
carbon black are strategically located worldwide in order to supply the rubber 
tire industry, which consumes 70% of production. About 20% is used for other 
rubber products and 10% is used for special nonrubber applications. World 
capacity in 1988 was estimated at over six million metric tons; U.S. capacity was 
almost 1,6 million metric tons. Carbon black was ranked 38 in 1989 among the 50 
largest volume industrial chemicals produced in the United States. Six U.S. 
manufacturers (1) were operating 22 plants in 1990. Many of these are located in 
the south and southwest. Over 35 grades, listed in ASTM 1765-87 (2), are used by 
the rubber industry, and one manufacturer supplies an additional 45 grades for 
special pigment applications. 

Carbon blacks differ from other forms of bulk carbon such as diamond, 
graphite, cokes, and charcoal in that they are particulate, composed of aggregates 
having complex configurations, quasigraphitic in structure, and of colloidal di- 
mensions. They differ from other bulk carbons in having their origin in the vapor 
phase through the thermal decomposition and the partial combustion of hydro- 
carbons. Carbon black is a product of a process incorporating the latest engineer- 
ing technology and process controls. Its purity differentiates it from soots that are 
impure by-products from the combustion of coal arid oils and from the use of diesel 
fuels. Carbon blacks are essentially free of the inorganic contaminants and 
extractable organic residues characteristic of most forms of soot. 

A number of processes have been used to produce carbon black including the 
oil-furnace, impingement (channel), lampblack, and the thermal decomposition of 
natural gas and acetylene (3). These processes produce different grades of carbon 
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and are referred to by the process by which they are made, eg, oil-furnace black 
lampblack, thermal black, acetylene black, and channel-type impingement black' 
A small amount of by-product carbon from the manufacture of synthesis gas from 
liquid hydrocarbons has found applications in electrically conductive composi- 
tions. The different grades from the various processes have certain unique charac- 
teristics, but it is now possible to produce reasonable approximations of most of 
these grades by the oil-furnace process. Since over 95% of the total output of 
carbon black is produced by the oil-furnace process, this article emphasizes this 
process. 


History of Carbon Black Manufacture 

The use of carbon black as a pigment dates back to prehistoric times. Cave wall 
dwellings and objects from ancient Egypt were decorated with paints and lac- 
quers containing carbon black. The oldest process practiced in China about 3000 
BC consisted of the partial combustion of vegetable oils in small lamps with 
ceramic covers. The smoke impinged on the covers from which the adhering 
carbon black was carefully removed. Another old process is the lampblack pro- 
cess, which 18 the ancestor of all modem carbon blacks. Until the 1870s it was the 
only commercial process, and because of this the word lampblack is occasionally 
used as a generic term for carbon black. In the lampblack process, oils are burned 
m open, shallow pans in a restricted air supply. The heavy, carbon-laden smoke is 
passed through a series of settling chambers and filters from which the flocculated 
carbon deposits are recovered. 

Prior to 1870 it was already known that carbon black with much higher 
covering power and jetness could be recovered from underventilated illuminating 
gas flames unpinging on a cold surface. These gas blacks led to the development of 
the channel process, the name deriving from the iron channels used for the 
collection of the carbon blacks from the impingement of thousands of small 
luminous flames burning in a restricted atmosphere of air. This process domi- 
nated the industry for over 50 years. In 1926 there were 33 producers in the United 
States. Because of poor carbon yields from natural gas in the range of 1-5% and 
severe atmospheric pollution, this process has become extinct. The last channel 
black plant in the United States was closed in 1976. 

In the 1920s two other processes using natural gas were introduced that gave 
much higher yields with large decreases in atmospheric contamination. One was 
the cyclic thermal black process. Alternate heating and production cycles in large 
brick checkered chambers are used to produce a unique large particle size 
essentially unaggregated-grade useful for many special rubber and plastic appli- 
cations. Thermal black is produced in the United States, Canada, England, and a 
few other locations worldwide. The other process, based on natural gas, was the 
so-called gas-furnace process and is no longer used. This process was continuous 
and the forerunner of the oil-fiimace process. It was discontinued because of the 
relatively low yield, high raw material cost, and limited range of products 
fi, J^°f,.*^«* '^o'^fe'-cial oil-fiimace process was put into operation in 1943 by 
the Phillips Petroleum Co. in Borger. Texas. The oil-furnace blacks rapidly 
displaced all other types used for the reinforcement of rubber and today account 
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for practically all carbon black production. In the oil-furnace process heavy 
aromatic residual oils are atomized into a primary combustion flame where the 
excess oxygen in the primary zone burns a portion of the residual oil to maintain 
flame temperatures, and the remaining oil is thermally decomposed into carbon 
and hydrogen. Yields in this process are in the raijge of 35 to 50% based on the 
total carbon input. A broad range of product qualities can be produced. 

Before World War I carbon black was almost exclusively used as a black 
pigment for printing inks, paints, and enamels. The singular event that changed 
the industry from a small specialty product manufacturer to large volume pro- 
ducer of a vital raw material was the discovery of rubber reinforcement in 1904 (4). 
The automobile and the tire industries were expanding rapidly, and there was a 
demand for longer wearing automobile tires. The use of carbon black as a filler for 
rubber fulfilled this need providing longer wearing and more durable pneumatic 
tires. The use of carbon black in tires remains its most important application, 
coupling the fortunes of the carbon black industry to that of the automotive 
industry. 


Physical Structure of Carbon Black 

Molecular and Crystallite Structure. The arrangement of carbon atoms in 
carbon black has been well-established by x-ray diffraction methods (5,6). The 
diffraction patterns show diffuse rings at the same positions as diffraction rings 
from pure graphite. The suggested relation to graphite is further emphasized as 
carbon black is heated to 3000° C. The diffuse reflections sharpen, but the pattern 
never achieves that of true graphite. Carbon black can have a degenerated 
graphitic crystallite structure. Whereas graphite has three-dimensional order, as 
seen in the model structures of Figure 1, carbon black has two-dimensional order. 
The x-ray data indicate that carbon black consists of well-developed graphite 
platelets stacked roughly parallel to one another but random in orientation with 
respect to adjacent layers. As shown in Figure 1 the carbon atoms in the graphite 
structure form large sheets of condensed aromatic ring systems with an inter- 
atomic spacing of 0.142 nm, comparable to the aromatic carbon separation dis- 
tance of 0.139 nm in benzene. The large graphite interplanar distance of 0.335 nm 
results in a specific gravity of 2.26. In carbon black the interplanar distance is still 
larger, in the range of 0.350-0.365 nm, as a consequence of the random planar 
orientations or so-called turbostratic arrangement. The specific gravities of com- 
mercial carbon blacks are 1.76-1.90 depending on the grade. X-ray diffraction 
data provide estimates of crystallite size. La is the average layer plane diameter 
and L<. is the average crystallite thickness. For a typical carbon black is 1.7 nm 
and Lc is 1.5 nm, which corresponds to an average of four layer planes per 
crystallite containing 375 carbon atoms. A particle of a 100 m^/g carbon black 
contains over 4000 crystallites. It was originally suggested that these discrete 
crystallites were in random orientation within the particle. This view was later 
abandoned when electron microscopy of graphitized and oxidized carbon blacks 
indicated more of a concentric layer plane arrangement. This structure has been 
confirmed by the use of high resolution phase-contrast electron microscopy that 
made possible the direct imaging of graphitic layer planes in carbon black (7). 
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Figure 2 shows a phase-contrast electron micrograph of carbon black at high 
resolution that displays the marked concentric arrangement of the layer planes at 
the surface and around what appear to be growth centers. 





— ^ t 

0.335 nm 









The word particle has become so widely used in the technical rubber and 
carbon black literature that it is convenient to retain the term when in fact 
nodule is meant. The layer planes are curved, distorted, and of varjdng size. They 
also intersect and interconnect one particle or nodule with its neighbors. This 
type of structure has been termed paracrystalline. It is obvious that individual 
particles do not exist in carbon blacks, with the exception of thermal blacks, and 
that the functional unit is an aggregate of nodules that probably existed as 
smaller particles at some early stage of the carbon formation process. The func- 
tional unit in well-dispersed systems is called an aggregate. 



Morphology. In describing carbon black, throe lernw arc used to describe 
structures of increasing scale and complexity: 

Particles (nodules) are the primary structure element. They are roughly spheri- 
cal elements that are joined m the aggreerate structures. 

Aggregates are the primary dispersable elements of carbon black in all but 
thermal blacks- The particleir- j n an aggregate arc connected and have grown 
together. 

Agglomerates are undispers,pd Llu^.ter.s of aggregates held together by van der 
Waals forces or by binders. The term structure is used to describe both the 
extent and the complexity with which the particles are interconnected in 
aggregates. Primary measures of structure focus on the internal space 
within the aggregate. 
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A useful method for determining relative aggregate sizes and distributions is 
by centrifugal sedimentation. From the sedimentation rates of the aggregates the 
Stokes diameter is derived. A convenient instrvunent for these measurements is 
the Joyce Loebl disk photosedimentometer (9). Large aggregates sediment at a 
faster rate than smaller ones. The sedimentation rate is also influenced by the 
bulkiness of the aggregates. At constant volume or mass, a bulky aggregate 
sediments more slowly than a compact aggregate because of frictional drag. 
Figure 4 (8) shows a comparison of a Stokes diameter distribution Dst and 
equivalent diameter ^distribution from electron microscopy for N220. In this 
example the modal t>st value is about one-third of the modal value. 

Table 1 lists average Dst values from a number of literatiure sources. This 
table also lists rf„„ values for the aggregates calculated from their Estimated 
volumes. In this case there is reasonable agreement between the two diameters. 
Aggregate size distributions from centrifugal sedimentation analysis are very 
useful for assessing the differences in this characteristic within a given grade or 
at constant surface area. It has been shown that the hysteresis of rubber vulcan- 
izates can be reduced by broadening the aggregate size distribution curve without 
any significant loss in abrasion resistance (11,12). As shown in Figure 4 this 
broadening is usually expressed as ADbq, the width at 50% of the modal value. Ds, 
values have been related to the dynamic and mechanical performance of rubber- 
grade carbon blacks. Hysteresis decreases and abrasion loss increases with in- 
creasing values of Dst (13). 


TtM» f . Carbon Black Morphology* 



Particle 

Aggregate 
size. 



ASTM 

size, 


Surface 

designation 

duiJ. nm 

nm 

6^', ran 

area, m^/g 

NllO 

27 

93 

76-111 

143 

N220 

32 

103 

95-117 

117 

N234 

31 

109 

74-97 

120 

N326 

41 

108 

98 

94 

N330 
N339 

46 
39 

146 
122 

116-145 
96-125 

80 
96 

N351 

50 

159 

127 

75 

N375 

36 

106 

91 

105 

N550 

93 

240 

220-242 

41 
34 
30 

N660 

109 

252 

227-283 

N774 

124 

265 

261 

N990 

403 

693 

436 

9 


•Ref. 10. Particle size, aggregate size, and surface area are by em. 
''dum = weight mean diameter = ^ . 

•Stokes diameter by centrifugal sedimentation from various sources. 


TTie tinting strength of rubber-grade carbon blacks shows a linear relation- 
ship with Dst shown in Figure 5. Since performance characteristics are known to 
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Median Stokes diameter Bsu nm 
tread S?^ '^"'"^^ ^'^"^ Stokes diamete« for a range of reinforcing 


in t^e!!:ZZ^cnntX^^ The tertn structure is widely used 

(14) to describe a cha^^fnrtendencv o^^^^^^ It was ongmally introduced in 1944 
to describe the rel^ive Zdv^r^ T ?"" ^ P^^^"^^^" 
surface area. Structure comZ-Z "^^^^i^^^^f grades of black of the same 
be made. It is now knoZ^^^^ 

associated principaV^rthtfulkiLrr r^ ^^^^^^^^^^ 
the same volume surfa^ area anfn^^^^ Aggregates of 

open bulky and filament^rs^aigem^^^^ ^" 
compact arrangement. "^^^^^rnent and a low structure m a more clustered 

cositiStwl't'^wd^^^^^^ -vulcanized rubber give higher Mooney vis- 
persion after Lcor^S^^^^^^ ex rusion rates and better and more rapid dis- 

High structure bS g?4 wX^^^^^^^^^ "^""^"^ 

systems. ^"^'^ densities and high vehicle demand in paint 

Structux. is usually measured by a void volume test such as the absorption 
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of dibutyl phthalate (DBPA) (15), or by bulk density measurements of the carbon 
black under compression. In order to eliminate the effects of pelletizing condi- 
tions the DBPA test has been modified to uise a sample that has been pre- 
compressed at a pressure of 165 MPa (24,000 psi) and then broken up four succes- 
sive times (24M4) (16). This procedure causes some aggregate breakdown and is 
claimed to more closely approximate the actual breakdown that occurs during 
rubber mixing. 

Aggregate Breakdown. Aggregate size analysis by the electron micro- 
scope and centrifuge methods are performed on predispersed samples of carbon 
black. High shear energy, usually ultrasonic, and enough time are employed in 
these sample preparations to break down microagglomerates to their ultimate, 
aggregates for measurement. When mixed into elastomers under high shear 
conditions the aggregates themselves undergo fracture forming smaller aggre- 
gates that become the actual functional units (17-19). The extent of breakdown 
depends on shearing stress, energy input, and the grade of carbon black. Elasto- 
mer mixes were studied using the techniques of ultramicrotome and automated 
image analysis. Ultrasonic dispersions of carbon gel preparations from elastomer 
mixes have also been used in breakdown studies. A high DBPA reinforcing tread 
grade (N347) exhibited a significant reduction in aggregate length in a BR/OEP 
tread formulation, whereas a low DBPA grade (N326) showed no measurable 
change. The extent of aggregate length reduction was 30 to 40% for the normal 
and high DBPA grades (20). 

The effect of elastomer viscosity on aggregate breakdown has been shown 
(19). A high DBPA grade (N339) was well-mixed with a 52 and a 100 Mooney 
viscosity OE-SBR. A 43% reduction in aggregate volume was reported for the 52 
Mooney rubber and a 53% reduction for 100 Mooney rubber. High resolution 
electron micrographs show actual fracture locations at the ends of aggregates. 
The extent of fracture from aggregate length and volume breakdown is consistent 
with one average fracture per aggregate for the high DBPA grades. 


Chemical Composition 

Oil-furnace blacks used by the rubber industry contain over 97% elemental 
carbon. Thermal and acetylene black consist of over 99% carbon. The ultimate 
analysis of rubber-grade blacks is shown in Table 2. The elements other than 
carbon in furnace black are hydrogen, oxygen, and sulfur, and there are mineral 
oxides and salts and traces of adsorbed hydrocarbons. The oxygen content is 
located on the surface of the aggregates as C^Oy complexes. The hydrogen and 
sulfur are distributed on the surface and the interior of the aggregates. Some 
special blacks used for pigment purposes contain larger quantities of oxygen than 
normal furnace blacks. These blacks are made by oxidation in a separate process 
step using nitric acid, ozone, air, and other oxidizing agents. They may contain 
from 2 to 6% oxygen. Oxidation improves dispersion and flow characteristics in 
pigment vehicle systems such as lithographic inks, paints, and enamels. In rubber- 
grade blacks surface oxidation reduces pH and changes the kinetics of vulcaniza- 
tion, making the rubber compounds less scorchy and slower curing. 
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Tabto 2. Chemical Composition of Carbon B 


Type 


Carbon Hydrogen Oxygen 


Sulfur 


Ash Volatile 


™S^aS''' 0-20-0.40 0.20-1.20 0.20-1.20 0.10-1.00 0.60-1.50 

medium thermal 
acetylene 


0.30-0.50 0.00-0.12 0.00-0.25 0.20-0 38 
0.05-0.10 0.10-0.15 0.02-0.05 0.00 <0.40 


measureXt of ,T, ^^'"'"^ "^^^'^^ ^^^^^^^ ^'^idation is the 

rftrirr/ "'^"^^'•^ '"^^s^res the weight loss 

tion Jtl °" *° atmosphere. The compost 

taon of these gases consists of three principal components: hydrogen, carbon 

5/ r/^" '^^^^ °f »°™al fumace blacks" s 

under 1.5%, and the volatile content of oxidized special grades is 2.0 to 9.5"/! 

carbo^hir^T ^ ''"^l'!^ functional groups attached to the 

carbon black layer planes. These groups are carbon-bound hydrogen, phenols 

ittnrrd'Lu^rr"' one oxygen, LrbUlic acii 

lactones, and neutral groups containing two oxygens (21) Hvdroeen is thp mnst 
dominant of these groups. The oxygen content is'preseit Linly ^^^^^^^ 
iS^dlTT. f r'^^'^^ ^«-e 6 shows an 



Aldehyde Anhydride 
Fig. 6. Aromatic layer plane with functional side groups. 
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The ash content of furnace blacks is normally a few tenths of a percent but in 
some products may be as high as one percent. The chief sources of ash are the 
water used to quench the hot black from the reactors during manufacture and for 
wet pelletizing the black. The hardness of the water, and the amount used deter- 
mines the ash content of the products. The ash consists principally of the salts and 
oxides of calcium, magnesium, and sodium and accounts for the basic pH (8-10) 
commonly found in furnace blacks. In some products potassium, in small 
amounts, is present in the ash content. Potassium salts are used in most carbon 
black manufacture to control structure and rubber vulcanizate modulus (22). The 
basic mineral salts and oxides have a slight accelerating effect on the vulcaniza- 
tion reaction in rubber. 


Carbon Black Formation Mechanisms 

The formation of carbon black in a candle flame was the subject of a series of 
lectures in the 18608 by Michael Faraday at the Royal Institution in London (23). 
Faraday described the nature of the diffusion flame, the products of combustion, 
the decomposition of the paraffin wax to form hydrogen and carbon, the lu- 
minosity of the flame because of incandescent carbon particles, and the destruc- 
tive oxidation of the carbon by the air surrounding the flame. Since Faraday s 
time, many theories have been proposed to account for carbon formation in a 
diffusion flame, but controversy still exists regarding the mechanism (24). 

Mechanisms of formation must account for the unique morphology and 
microstructure of carbon black. These features include the presence of nodules, 
or particles, multiple growth centers within some nodules, the fusion of nodules 
into large aggregates, and the paracrystalline or concentric layer plane structure 
of the aggregates. One mechanism of formation involves the decomposition of the 
aromatic hydrocarbon fuel in a diffusion flame to hydrogen and carbon radicals, 
and carbon-hydrogen radical fragments. These combine into larger aromatic 
layer plane units until they are no longer stable and condense out of the vapor 
phase to form nuclei, or growth centers. Further carbon deposition forms carbon 
particles that are the precursors of the nodules. The carbon particles collide and 
coalesce while undergoing further deposition of carbon layer planes and their 
surface, forming the nodules and aggregates with their characteristic onion mi- 
crostructure as seen in the micrographs (25). The various steps in the sequence 
are not well understood. There is particular disagreement regarding the nu- 
cleation and particle formation steps preceding the formation of nodules. One 
suggestion is that the particles go through a fairly sticky stage as they coUide and 
coalesce to form the aggregates. Another suggestion is that the layer planes 
formed in the vapor phase condense out to form solid multiple layer plane nuclei. 
Carbon deposition on the nuclei results in particles and eventually nodules and 
aggregates. The remarkable and industrially important influence of ionic species 
such as K+ and Ca2+ on the morphology of the aggregates and their surface area 
during the carbon black formation process is a strong indication that ionic 
mechanisms may be active in the nucleation and aggregate formation steps (22). 
There are several reviews of carbon formation mechanisms (26,27). 
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THE OIL-FURNACE PROCESS 
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Packaging 

Fig. 7. Flow diagram of oil-furnace black process. 


The principal sources of feedstocks in the United States are the decant oils 
from petroleum refining operations. These are clarified heavy distillates from the 
catalytic cracking of gas oils. About 95% of U.S. feedstock use is decant oil. 
Another source of feedstock is ethylene process tars obtained as the heavy by- 
products from the production of ethylene by steam cracking of alkanes, naphthas, 
and gas oils. There is a wide use of these feedstocks in European production. 
European and Asian operations also use significant quantities of coal tars, 
creosote oils, and anthracene oils, the distillates from the high temperature 
coking of coal. European feedstock sources are 50% decant oils and 50% ethylene 
tars and creosote oils. 

Aromaticity is the most important property of a carbon black feedstock. It is 
generally measvired by the Bureau of Mines Correlation Index (BMCI) and is an 
indication of the carbon-to-hydrogen ratio. The sulfur content is limited to reduce 
corrosion, loss of yield, and sulfur in the product. It may be limited in certain 
locations for environmental reasons. The boiling range must be low enough so 
that it will be completely volatilized under furnace time-temperature conditions. 
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wh Jr^b f„t:So? ^^^^ f „, .ao., 

bastion conditions. The reactors aM desLii temperature, partial com- 
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adjusting input variables. ReaLrs for h'.^^^^^^^^^^ ^^'^^ '"factor by 

operate under high gas velocities^empeS^^^^^^^^^ 

mixing of reactant gases and feedstnM. t ' ^ '^rbulence to ensure rapid 
grades are produced in argt/^^t^^^^^^^^ «f ^rea and less reinforcfng 
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grade blacks. The N-series desSnation Is in? /"^^'^ ^'^^ °f '^^^^r- 

IS the sl^dard classification sXlrc^^^^^^^^^^ 

(15). At least three different reLo^desiZ Z^f K ' ^ '^^^^^ P^^ucts 
fiirnace blacks and thermal black ^ "'^'^ *° *his range of 
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Tabto 3. Tlme-T«mperature-Velocity CondHions In Carbon Black Reactors* 



Stirfiace 
area, 
m^/g 

Temperature, 
"C 

Residence 
time, s 

Maximum 
velocity, 
m/s 

NlOO series, SAF* 

145 

1800 

0.008 


N200 series, ISAF^ 

120 


0.010 

180-400 

N300 series, HAF* 

80 

15M ■ 

0.031 


N500 series, FEF* 

42 


1.0 

30-80 

NTOO series, SRF* 

25 

1400 

1.5 

0.5-1.5 

N990 thermal 

8 

1200-1350 

10 

10 


•These characteristic conditions and values depend on reactor designs and fuel rates. 
"•SAP = super abrasion furnace; ISAF = intermediate super abrasion furnace. 
'HAF = high abrasion furnace. 
<'FEF = fast extrusion furnace. 
•SRF = semireinforcing furnace. 


Reactors are built to have three fairly well-defined zones. Gas and air are 
introduced into an upstream, primary combustion zone. For reinforcing grades, 
this connects with a mixing zone of high velocity and turbulence where feedstock 
is introduced as a fine atomized spray. The mixing zone is followed by a reaction 
zone of cylindrical shape where carbon-forming reactions occur. Downstream of 
the reaction zone is a water quench. For high surface area blacks the reactors may 
have a 15 to 38 cm diameter mixing zone with lengths up to five m. For lower area 
blacks the reactors are cylindrical with diameters of 75 cm or more and lengths of 
9 to 12 m. There is a wide variety of reactors, and each manufacturer has 
proprietary designs. Air and gas may be introduced to the primary combustion 
zone either axially, tangentially, or radially. The feedstock can be introduced into 
the primary flame either axially or radially in the high velocity section of the 
mixing zone. The high velocity section may be venturi-shaped or consist of a 
narrow diameter choke. The reactors have a steel shell construction lined with 
high temperature-resistant castable refractories and insulating cements. The 
refractories have a service life of one to three years. Figures 9 and 10 show the 
designs of commercial reactors based on the patent literature. 

The quality and yield of carbon black depends on the quality of the feed- 
stock, reactor design, and input variables. The structure is controlled by the 
addition of alkali metals to the reaction or mixing zones. Usual practice is to use 
aqueous solutions of alkali metal salts such as potassium chloride or potassium 
hydroxide sprayed into the combustion chamber or added to the make oil in the oil 
injector. Alkaline-earth compounds such as calciimi acetate that increase the 
specific surface area are introduced in a similar manner. 

The energy utilization in the production of one kilogram of oil-furnace 
carbon black is in the range of 9.3-16 x lO'' J (4-6.9 x 10* Btu/lb), and the yields 
are 300-660 kg/m^ (2.5-5.5 lb/gal) depending on the grade. The energy inputs to 
the reactor are the heat of combustion of the preheated feedstock, heat of com- 
bustion of natural gas, and the thermal energy of the preheated air. The energy 
output consists of the heat of combustion of the carbon black product, the heat of 
combustion and the sensible heat of the tail gas, the heat loss from the water 



Fie. 10 Pnliimki Section of bufnerblock 

e- 10. Columbian reactor for tread blacks. CW = cold water. 
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quench, heat loss by radiation to atmosphere, and the heat transferred to preheat 
thej)rimaiy combustion air. The energy balance for a N300 type of reinforcine 
grade is shown in Table 4. In this example the thermal efficiency of the process 
(without tail gas utilization) is 37% for a carbon yield of 0.63 kg/L (5 lb/gal) 61% 
based oh feedstock. /> 


TaM* 4. Eiwrgy Balance for Reinforcing Grade of Carbon 


Energy input 

energy from feedstock (288'C preheat) 730/, 

energy from natural gas 23% 

air preheat (400'C) 40/^ 

Energy output 

carbon product (heat of combustion) 370/0 

tail gas (heat of combustion and sensible heat) 39% 

heat loss from water quench 140/^ 

heat loss to atmosphere g% 

air preheat (400°C) 40/^ 


THERMAL BLACK PROCESS 

J&VJ'^*'''' " a large^particle size, low structure carbon black made by the 
themal decomposition of natural gas, coke oven gas, or Hquid hydrocarbons in 
s^o^^rS or flames Its use in the United States in 1989 was estimated at 
bL.d K T ^^1 °" ^^T' ' consumption. Although at one time. 

SrT5'^K,"T ^"'"'^^ ^^""'^ expensive of the regula; 

l*?^^*'*? ""^t expensive. It is used in rubber anJ 

plj^tica applications for its unique properties of low hardness, high extensibility 
O rinTrr° 1 '"'^ ^'^^^^^^^ processing. Its main uses areTn 

Pr^- ?i ' ' ^""^'•li"^^^, V-belts, other mechanical goods, and in 
cross-linked polyethylene for electrical cables. 

reft.«r^^*?^'"'5^^ black process dates from 1922. The process is cyclic using two 
iSm w7 n ^y^^"'^"^.^^ ^""'^^^^ generators about 4 m in diameter and 
meSr Sin T^- °P^"f one generator is being heated with a near stoichio- 

genTralS LldT f °" "'^^ ^^^^^^ other 

w *° f f^^'^aee temperature of 1300°C, is fed with natural gas. 

^^Zn lt r ^'^'"''^ alternating 

Basrtn Inr' . ' '"'"^''''^ a reasonably continuous flow of product and ofl 

lor^twi^ f ' uT'' "^^'^ *° ^ ^"^"'^^ water sprays 

blacr^ttf^r'''^^^^^ 

rnXdl^T^Sil ^'/^"^T'^. r separator, screened, and hammer- 
milled. It IS then bagged or pelletized. The pelletized form is bagged or sent to bulk 
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loading facilities. The yield is about 45% of tha total carbon content of the process 
gas with an energy utilization of 2 x 10* J/kg (0.85 x 10** Btu/lb). 

ACETYLENE BLACK PROCESS 

The high carbon content of acetylene (92%) and its property of decomposing 
exothermically to carbon and hydrogen make it an attractive raw material for 
conversion to carbon. Acetylene black is made by a continuous decomposition 
process at an atmospheric pressure of 800-1000°C in water-cooled metal retorts 
lined with refractory. The process consists in feeding acetylene into the hot 
reactors. The exothermic reaction is self-sustaining and requires water cooling to 
maintain a constant reaction temperature. The carbon black-laden hydrogen 
stream IS then cooled followed by separation of the carbon from the hydrogen tail 
gas. The tail gas is either flared or used as fuel. After separation from the gas 
sta-eam acetylene black is very fluffy with a bulk density of only 19 kg/m^ (1.2 lb/ 
tt ). It IS difficult to compact and resists pelletization. Commercial grades are 
compressed to various bulk densities up to 200 kg/m' (12.5 lbs/ft^). 

Acetylene black is very pure with a carbon content of 99.7%. It has a surface 
area of about 65 m^'/g, an average particle diameter of 40 nm, and a very high but 
rather weak structure with a DBPA value of 250 mL/100 g. It is the most crystal- 
line or graphitic of the commercial blacks. These unique features result in high 
abso^tion*"** conductivity, low moisture absorption, and high liquid 

A significant use of acetylene black is in dry cell batteries where it contrib- 
utes low electrical resistance and high capacity. In rubber it gives electrically 
conductive properties to heater pads, tapes, antistatic belt drives, conveyor belts 
and shoe soles. It is also useful in electrically conductive plastics such as electri- 
cal magnetic interference (EMI) shielding enclosures. Its contribution to thermal 
conductivity has been useful in rubber curing bags for tire manufacture Produc- 
tion capacity for acetylene black in the United States in 1989 was 2.07 million ke 
from a single plant. 


LAMPBLACK PROCESS 


The lampblack process has the distinction of being the oldest and most primitive 
carbon black process still being practiced. The ancient Egyptians and Chinese 
employed techniques similar to modem methods collecting the lampblack by 
deposition on cool surfaces. Basically, the process consists of burning various 
liquid or molten raw materials in large, open, shallow pans 0.5 to 2 m in diameter 
and 16 cm deep under brick-lined flue enclosures with a restricted air supply The 
smoke from the burning pans passes through low velocity settling chambers from 
which the carbon black is cleared by motor-driven ploughs. In more modem 
installations the black is separated by cyclones and filters. By varying the size of 
the burner pans and the amount of combustion air, the particle size and surface 
area can be controlled within narrow limits. Lampblacks have similar properties 
to the low area oil-furnace blacks. A typical lampblack has an average particle 
diameter of 65 nm, a surface area of 22 m^/g, and a DBPA of 130 mL/100 g 
Production is small, mostly in Westem and Eastern Europe. Its main use is in 


vol.4 


CARQON (CARBON BLACK) 1055 


paints, as a tinting pigment where, blue tone is desired. In the rubber industry 
lampblack finds some special applications. 

IMPINGEMENT (CHANNEL, ROLLER) PROCESS BLACKS 

From World War I to World War II the channel black process made most of the 
carbon black used worldwide for rubber and pigment applications. The last 
channel black plant in the United States was closed in 1976. Operations still exist 
and are even being expanded in Europe. The demise of channel black was caused 
by environmental problems, cost, smoke pollution, and the rapid development of 
oil-furnace process grades that were equal or superior to channel black products 
particularly for use in synthetic rubber tires. 

The name channel black came from the steel channel irons used to coUedt 
carbon black deposited by small natural gas flames impinging on their surface 
iron channels. Highly aromatic anthracene oils are used as raw material instead 
of natural gas. The black is scraped off the rollers, and the off-gases from the steel 
box enclosed rollers are passed through bag filters where additional black is 
collected. About half of the black is deposited on the rollers. The purified exhaust 
gases are vented to the atmosphere. The oils used in this process are high boiling 
and must be vaporized and conveyed to the large number of small burners by 
means of a combustible carrier gas. Yield of rubber-grade black is 60% and 
10-30% for high quality color grades. 

The characteristics of roller process impingement blacks are basically simi- 
lar to those of channel blacks. They have an acidic pH, a volatile content of about 
5%, siirface area of about 100 m^/g, and an average particle diameter of 10-30 nm. 
The smaller particle size grades are used as color (pigment) blacks, and the 30-nm 
grade is used in rubber. 


Characterization and Test IVIetliods 

Carbon blacks differ in particle or nodule size, surface area, aggregate size, and 
aggregate morphology. Surface activity is also a factor in performance, but this 
feature has been difficult to define or measiu*e. The ultimate dispersible units are 
aggregates. Aggregate size distribution and morphology determine such proper- 
ties as surface area, dibutyl phthalate absorption (DBPA), and testing strength. A 
complete review of the physicochemical characterization of carbon black has 
been published (21). 

Particie Size. The electron microscope is the universally accepted instru- 
ment for measuring particle size, aggregate size, and aggregate morphology. 
Tjrpical electron micrographs of rubber-grade carbon blacks are shown in Figure 
11. The grades are classified according to the ASTM D1765 system (2). The first 
letter N represents a normal rate of cure in rubber, and the first digit represents 
the average particle size of the carbon black. The last two digits are arbitrarily 
assigned. Thus N330 is a normal curing grade with a particle diameter range of 26 
to 30 nm. 

Particle size measurements are made from a negative enlarged to 100,000 
diameters (29). Automated image analyzers provide measurements of a variety of 
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(b) is Nio"c} ifS^dTdHs^fe' ""^^^^'^-^^ -^'^^ -here (a) is NllO. 


particle and aggregate parameters Surface areas can be calculated from electron 
microscope raeasuremems. These are m satisfactory agreement with surface 
areas detormmed by nitrogen adsorption measurements Special pigment blacks 
and blacks used for electrical conductivity are highly porous, and the surface 
areas calcmated from their particle diameters arc very much smaller than those 
calculated from gas absorption 

Surface Area. The most important features influencing the performance 
of carbon blacks are aggregate size and surface area Surface area is measured by 
gas- and hquid-phase adsorption techniques, and depends on the amount of 
adsorbate required to form a surface monolayer If the area occupied by a single- 
adsorbate molecule is known, a simple calculation will yield the surface area A 
low temperature nitrogen absorption method, based on the original method of 
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Brunauer, Emmett, and Teller (BET) (30), has been adopted by ASTM as standard 
method D3037-86 (2). 

Liquid-phase adsorption methods are widely used for quality control and 
specification purposes. The adsorption of iodine from potassium iodide solution is 
the standard ASTM method D1510-83 (2). The surface area is expressed as the 
iodine number whose units are milligrams of iodine adsorbed per gram of carbon. 
It is quite fortuitous that the values of iodine numbers turn out to be about the 
same as the values for surface areas in square meters per gram by nitrogen 
adsorption for nonporous carbon blacks. 

Another standard industry method for surface area is based on the adsorp- 
tion of cetyltrimethylammonium bromide (CTAB) from aqueous solution. This is 
ASTM method D3765-85 (2). This method measures the specific surface area' of 
carbon black exclusive of the internal area contained in micropores that are too 
small to admit the large CTAB molecules. For rubber-grade nonporous blacks the 
CTAB method gives excellent agreement with nitrogen surface areas. 

Structure and Aggregate Morphology. Structure or aggregate morphol- 
ogy is another important characteristic that influences performance. Structure is 
determined by aggregate size and shape. These properties affect aggregate pack- 
ing and the volume of voids in the bulk material. In liquid media structure affects 
rheological properties such a viscosity and yield point. In rubber, viscosity, 
extrusion die swell, modulus, and electrical conductivity are affected by struc- 
txire. For classification and quality control purposes structure is assessed by 
measurements of void volume, either in the bulk by density or by the absorption of 
a liquid such as dibutyl phthalate (DBP). The dibutyl phthalate absorption num- 
ber determination is ASTM method D2414-86 (2). The void volume in the bulk is 
usually measiu-ed under pressure. From the bulk density under a given pressure 
the volume of voids per unit weight of carbon is calculated. 

Tint Strength. Tint strength is another industry method used for the classi- 
fication of carbon blacks adopted by ASTM as D3265-85 (2). Tint strength is 
closely related to surface area and decreases with increasing aggregate size. It 
provides a rough estimate of the reinforcing potential of carbon black in rubber. 
In this test a small amount of carbon black is mixed with zinc oxide and an oil 
vehicle to produce a black or gray paste. The reflectance of this paste is measured 
and compared to the reflectance of a paste made with a reference black. The ratio 
of the reference black paste reflectance to the sample black multiplied by 100 is 
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the tint strength. 


There are many other test methods used to characterize carbon blacks for 
quality control and speciflcation purposes. Table 5 lists some of these methods 
which, with a few exceptions, have been adopted by ASTM. 
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Grades and Applications 
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U.S. consumption of carbon black in 1988 by various market sectors is shown in 
Table 6. About 90% of total consumption is in the rubber industry and 69% for 
tires. About 10% is consimied for other automotive products and 11% for rubber 
products unrelated to the automotive industry. The automotive industry accounts 



Test method 


L Special Analytical Te«t Methods for Carbon Black 


Standard 


iodine adsorption, mg/g ASTM D1510 


N2 surface area, m% 
CTAB surface area, m^/g 


ASTM D3037 
ASTM D3765 


aggregate dimension ASTM D3849 

aggregate size distribution 

DBP absorption, mL/100 g ASTM D2414 


void volume, mL/100 g 

24M4-DBP absorption, 
mL/100 g 


tint strength, % 


heating loss (moisture), % 
PH 


ASTM D3493 


ASTM D3266 


ASTM D1620 

ASTM D1509 
ASTM D1512 


ASTM D3392 


Comment 


amount of iodine adsorbed from aqueous 
solution as a measure for the specific 
surface area; not applicable for 
oxidized or highly porous carbon 
bUcks 

calculated from amount of adsorbed Ng 

at liquid nitrogen temperature 
amount of cetytrimethylammonium 
bromide adsorbed from aqueous 
solution as measure of specific 
nonporous (outer) surface area 
determination of aggregate dimensions 
(unit length, width, etc) by electron 
microscope image analysis 
diameters of equivalent solid spheres 
that sediment at same rate as 
aggregates during centrifuging 
determination of the void volume with 
dibutyl phthalate in a special kneader 
as measure of structure 
volume of voids from bulk density 

measurement under pressure 
determination of DBP absorption after 
four repeated compressions at 
165 MPa (24,000 psi) 
light absorption of a carbon black paste 
in linseed oil; determination by visual 
comparison against standard blacks 
or by measuring the absolute light 
emission 

ability of a carbon black to darken a 
white pigment in a linseed oil paste; 
the tinting strength is the weight 
percentage of the standard carbon 
black with respect to the tested black 
to obtain the same gray tone; different 
standard white pigments and carbon 
black concentrations are used 
according to ASTM 

weight loss when calcined at gSO'C for 7 

weight loss on drying at 125''C for 1 h 
pH of an aqueous slurry of carbon 

black; pH is mainly influenced by 

surface oxides 
amount of material which can be 

extracted by a boiling solvent, usually 

toluene, in at least 8 h 
light absorption-transmission of a 1,2- 

dichlorobenzene solution of the 

extracted material 
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sulfur content, % 
sieve residue, % 


bulk density, g/L 

tamped density, g/L 


pellet size distribution 
fines content, % 


ASTM D1619 
ASTM D1514 


ASTM D1511 
ASTMD1508 


it of noncombustible material 
after burning the carbon black at 

amount of coarse impurities that cannot 
be purged through a testing sieve by 
water 

measure for the densification of carbon 
black 

similar to bulk density; however, void 

volume is reduced by tamping 
determination by means of sieve shaker 
only for pelletized blacks; percentage 
passing through a sieve of 125 laa 
(mesh) width 


for 79% of consumption. Pigment applications account for about 10% of consump- 
tion, most of this for plastics and printing inks. Western Europe consumes 74% in 
tires and other automotive products and almost 20% in other industrial rubber 
products. Pigment applications in Western Europe and Japan are 5-6% of con- 
sumption. 


Tabto 6. U.S. End Um CoiwumpHon of Carbon Black* 


Consumption, 10^ t 


Percent of total, % 


other automotive 
molded, extruded, industrial 
products, roofing, etc 
Total rubber 

Nonrubber 

plastics 
printing inks 


68.9 
9.8 
10.9 


other 

Total nonrubber 


1.2 
10.4 


Rubber Goods. A selected list of typical properties, taken from ASTM 
D1765 of rubber-grade carbon blacks (2), is shown in Table 7. In addition to the 
assigned ASTM N-numbers, the list includes the old letter designations, pour 
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T«M, 8. AppHcaUona of Principal Rubber-Grade C arbon 8 

Designation General rubber properti^T 

NllO, N121 iijgjj abrasion resistance 


Typical u 


N220.N299.N234 high abrasion resistance. 

good processing 

N339. N347. N375. N330 high abrasion resistance. 

easy processing, good 
abrasion resistance 

low modulus, good tear 
strength, good fatigue, 
good flex cracking 
N550 resistance 

high modulus, high 
hardness, low die swell, 
smooth extrusion 

high modulus, high 
hardness, low die swell, 
smooth extrusion 


high modulus, high 
hardness, low die swell, 
smooth extrusion 


high elongation and 
resilience, low 
compression set 


Tabto 9. Carbon Black Production' b 


special tire treads, 

airplane, oflF-the-road 

racing 
passenger, off-the-road, 

special service tire 

treads 

standard tire treads, rail 
pads, solid wheels, mats, 
tire belt, sidewall, 
carcass retread 
compounds 

tire belt, carcass, sidewall 
compounds, bushings, 
weather strips, hoses 

tire innerliners, carcass, 
sidewall, innertubes, ' 
hose, extruded goods, 
v-belts 
tire innerliners, carcass, 
belt, sidewall 
compounds, seals, 
friction compounds, 
sheeting 
carcass, sidewall, bead 
compounds, innerliners, 
seals, cable jackets, 
hose, soling, EPDM 
compounds 
mechanical goods, 
footwear, innertubes, 
innerliners, mats 


NlOO 
N200 
N300 

Total tread grades 
percent 
N500 
N600 
N700 

N900 (thermal) 

Total nontread grades 
percent 
other grades 
acetylene 

Total carb on black 
'1988. ~~ ■ 


United States 


35 
158 
555 
748 

55.2 


9.1 
1355 


Western Europe 

Japan 

28 

37.1 

161 

118 

528 

300 

717 

418 

63.8 

59.5 

153 

136 

137 

87 

103 

29 


9 

393 

261 

35.0 

37.1 

14 

24 

1124 

703 
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Special-Grade Carbon Blacks. In 1988 over 10% of U.S. consumption of 
carbon black was for nonrubber applications, ie, special blacks. In Europe and 
Japan about 5% is consumed for these uses. Most of the special black grades are 
manufactured by methods to meet specific product specifications required for 
their end uses. They sell for a higher average price than the rubber grades. These 
markets have been growing at an average annual rate twice that of the rubber 
black grades. Of increasing importance in recent years have been applications in 
plastics to miprove weathering resistance and to impart antistatic and electri- 
cally conductive properties. 

About 42% of special blacks are used in plastics, 35% in printing inks, 7% in 
paper, and 16% in miscellaneous applications. News inks account for most of the 
printing ink market. Electrical applications have been taking an increasing share 
of the plastics market. Medium and high color grades, in their normal and 
surface-oxidized versions, are used in enamels, lacquers, and plastics for their 
extreme jetness. Typical properties of special grades of furnace blacks are listed 
in Table 10. The list is divided into normal furnace grades and surface oxidized 
pades. Increased surface oxidation decreases viscosity, improves dispersion, and 
increases the flow behavior in many liquid systems. The volatile content is an 
indication of the degree of surface oxidation. To improve dispersion and flow, 
special blacks generally are produced at lower structural (DBPA) and bulk 
density values than rubber-grade carbon blacks. 

Table 11 lists the types and applications of special pigment-grade carbon 
blacks. Included in this list are thermal black and lampblack. Over 40 special 
black grades have been developed based on the furnace process having a broad 
range of surface areas, from 20 m^/g to over 1500 m^/g. The lower surface area 
products are used in printing inks and tinting. The high area, more expensive 
products find use in high color enamels and lacquers. 

Electrically Conductive Grades. An important application of carbon 
black IS to produce electrically conductive and antistatic polymer composites. 
These apphcations include antistatic carpet backing and floor tile, electrical 
heating elements, high voltage cable semiconductive shields, video tapes and 
disks, and EMI shielding. The electrical conductivity of bulk carbon black under 
compression is in the range of 0.02 to 0.5 ohm cm. The conductivity of conductive 
carbon black-filled rubber and plastics is in the range of 1 to 10* ohm cm. There is 
no clear relationship between bulk black conductivity and compound conductiv- 
ity. The main variable determining compound conductivity is the carbon black 
concentration. At high enough concentrations all carbon blacks can produce 
compound resistivities of about 1.0 ohm cm. For superconductive carbon black 
this concentration is 7-8% and for thermal black the required concentration is 
65-70%. Figure 13 shows the concentration/resistivity relationships of selected 
carbon blacks covering the complete range of rubber and conductive grades (33). 
It can be seen that there is a critical concentration for each grade of carbon black 
above which the resistivity drops precipitously. This is often referred to as the 
percolation concentration. 

The main carbon black characteristics determining its conductive behavior 
are surface area, aggregate morphology, and degree of graphitization or crystal- 
linity. The high conductivity of acetylene black is attributed to its highly devel- 
oped structure and its crystallinity. High conductivity furnace-grade blacks have 
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TmMm 11. Types and Applications 


Type 


Siu-face 


ot Special Pigment Grades of Cariran Blacks 


Volatile 
DBPA", content, 
mL/100 g % 


high color 230-560 
medium color 220-220 


Normal grades' 


45-85 
25-42 


thermal blacks 7-15 
lamp blacks 20-95 


100-160 0.4-0.9 


high jetness for alkyl and acrylic 
enamels, lacquers, and plastics 

medium jetness and good 
dispersion for paints and 
plastics; ultraviolet and 
weathering protection for 
plastics 

for general pigment applications 
in inks, paints, plastics, and 
paper; gives ultraviolet 
protection in plastics, high 
tint, jetness, gloss, and 
dispersibility in inks and 
paints 

good tinting strength, blue tone, 
low viscosity; used in gravure 
and carbon paper inks, paints, 
and plastics 

main use is in inks; standard 
and offset news inks 

excellent tinting black-blue tone; 
used for inks-gravure, one-time 
carbon paper inks; also for 
paints, sealants, plastics, and 
cements 

tinting-blue tone; plastics and 
utility paints 

paints for tinting-blue tone 


high color 


medium color, 
long flow 


medium color, 96 
long flow 


Surface oxidized grades 


400-600 105-121 8.0-9.5 


"Dibutyl phthalate absorption. 


used for maximum jetness in 
lacquers, coatings, plastics, 
fibers, record disks 

used in lithographic, letterpress, 
carbon paper, and typewriter 
ribbon inks; high jetness, 
excellent flow, low viscosity, 
high tinting strength, gloss, 
and good dispersability 

used for gloss printing and 
carbon paper inks; excellent 
jetness, dispersibility; tinting 
strength, and gloss in paints 

used for tinting where flooding 
is a problem; easy dispersion 
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Carbon black, % 

Fig. 13. Electrical resistivity versus carbon black concentration. 

^^o,£tjt2ZZ:^^^ >• Superconductive blacks, by- 

developed structures. aL aTgh'r^re' o'T:^:?^^^^ ^"^'^^^ ^^^^'^ 
ii^^t'i^^^^^^^^^^ ^^o- for channel-^ade 

blacks in 1954 (35). High surfacrareat !r * ? ''^^^^^ 
roughness and internal poros%ither thanT'^^^ 7^^^ increasing surface 
Because of the decreased deS of he a^trP ^'^''^ P^"^'"^" "^"^"^^ 
high surface area conductirwLks th^^^^^^^^^^ ""T ^^^^^^^ °f 

per unit weight. At a given weiS ;onSnZ i"^^" of aggregates 

increases conductivity Cry" tllSv^Zr^^^^ !^^ u P*^^^"^ aggregates 
highconductivity.ThLr^SS^i'e ™ 

amo^hous regions of the aggregate Z^Z:^l^'^''''^''''°'^--^ore 
electronTu^XTro^^^^^^^^^^^^^ 

black aggregates to thS LarLrneSo^ ^ (36). Electrons tunnel from the 
function of the average <i^oT,Z'^:,^lZ^^'L^ is a 

black conpentration, this gap distance dewn^on^J-,' ^ "^^^ 

aggregate morphology. depends on particle size, surface area, and 

electJXc'o^rret^S^^^^^^ and applications of 

graphs of two grades of electrfc« nv !, 1?^* ^^^ctron micro- 

have the partite size^SSt^^es"^^^^^ 
^nternal porosity. Table U shows ^^^"tVTd^^^^ 
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conductive grades of carbon black and by-product carbons. The large differences 
between the nitrogen surface areas and the areas measured by cetyltrimethyl- 
amnjonium bromide (CTAB) absorption are because of internal porosity. The 
CTAB molecules are so large that they do not penetrate the pores available to the 
nitrogen molecules. The large, bulky aggregates, the high porosities, and low 
aggregate densities of the electrical grades produce high DBPA values, much 
larger than for normal furnace blacks. 



Fig. 14. Electron micrographs of electrically conductive grades of carbon black 
where (a) is Vulcan XC.72 (Cabot) (100,000 x ) and (b) is Vulcan P (Gahot) (100,000 x ). 


Carbon Black Manufacture and Market 

Manufacturers and Productions. The consumption of carbon black in the 
United States reached a peak of 1,506,000 t during the beginning of the oil crisis in 
1973. Then consumption decreased to 1,210,000 t in 1989. A number of events have 
contributed to decreased consiunption by the rubber and tire industries including 
tire radialization, increased tire mileage, downsizing of tires, and increased im- 
ports of foreign cars. The negative influence of these events have pretty much run 
their course, and during the last 10 years there has been a modest growth in 
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ilastics 
(EMI) 
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high voltage semiconductive shields, 
conductive rubber, and plastics 

conductive rubber and plastics, carpet 
backing 

conductive and antistatic rubber and r 
products 

electromagnetic interference shielding 
compounds, videodisks, tapes, etc 
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Particle 
diameter. 
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acetylene black 42 

conductive furnace 22 

(CF)N293 
conductive furnace 22 

(CF)N742 
superconductive 

furnace (SCF) 
synthesis gas by- 30 

product carbon 
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carbon black production. Production for^^^^ 



FiJ'ii ' us^'l,''"' '''' '''' ''^^ 
"g. 16. U.S. production of carbon black (1973-1989). 

induJ^.^s^rrarof;L'^^^^^^^^ 

ness including Ashland Citiefse^LTco pii^^^^^^^^^ ^""^ 
have changed ownership. In the V^^ls^l^^Sl ' P^*"'^ 
capacities of Degussa. Sid Richarlon I n,^' increased the production 

of six PrincipalWucers tt^^^^^ industry consists 

shown in Table 13. Cabot Core Sfco ^'^^ "^""^cturers is 

producers, followed by DeLsa sid Kc^^^^^ *he leading 

survey of the future markSand p^^^^^^^^^ ' Witco. A 

has been presented (1). ^ structure of the carbon black industry 

hasthX™^^^^^ 

have about equal capacitir«nH ^ ^"'^ Russia/Eastern Europe 

production. TLgrowCear^e^e^^^^^^^^^^ ff. ^ only smaU 

Eastern Europe markets. The c^^S^ far r J^^^ 
Russia/Eastern Europe should bTtrkrastuX'L^S. " ''^^"^ 
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Tabto 13. U.S. Carbon Black Manufacturers Nameplate 
Capacities, 1988 

U.S. 

Manufacturers Capacity 10^ t capacity, % 

Cabot Corp. 


Franklin, La. 

153 

Pampa, Tex. 

32 

Parkersburg, W.Va. 

83 

Ville Platte, La. 

126 

Total 

394 

Columbian Chemicals 


El Dorado, Ark. 

75 

North Bend, La. 

121 

Hickok, Kans. 

38 

Moundsville, W.Va. 

82 

Total 

316 

Degussa 


Arkansas Pass, Tex. 

82 

Ivanhoe, La. 

100 

Belpre, Ohio 

55 

Total 

237 

Sid Richardson Co. 


Addis, La. 

62 

Big Spring, Tex. 

57 

Borger, Tex. 

125 

Total 

244 

J. M. Huber Corp. 


Orange, Tex. 

62 

Baytown, Tex. 

102 

Borger, Tex. — Furnace 

57 

Thermal 

23 

Total 

244 

Witco Corp. 


Phenix City, Ala. 

25 

Ponca City, Okla. 

68 

Sunray, Tex. 

46 

Total 

139 

Total U.S. capacity 

1574 


Product Safety 

The safety aspects of carbon black have been the subject of a number of reviews 
and articles (41-43). The manufacture of carbon results in trace amounts of 
organic and inorganic impurities. These impurities have been suspected of 
causing potential health problems. Of particular concern have been the salts of 
toxic metals and adsorbed polynuclear aromatic hydrocarbons (PNAs). A few of 
the polyaromatic hydrocarbons are known to be mutagens and/or animal carcino- 
gens. The solvent extract of furnace blacks is in the range of 300 to 2000 ppm 
(0.03-0.20%). Most of this extract consists of 10-15 organic compounds, the 


TaM* 14. World Carbon Black CapaciHat by Raglon and 

Country, 1988 


Region 


North America 


United States 

22" 

Canada 

3« 

Mexico 

2 


• .27 

ooutn America 


Argentina 

1 

Brazil 

3 

Colombia 

2 

Peru 

1 

Venezuela 

1 

Total 


Europe 
Great Britain 

2 

France 

3 

Germany 

5 

The Netherlands 

2 


3 

Portugal 

1 

Spain 

3 

Sweden 

1 

Total 

20 

Australia/South East Asia 


Australia 

2 

India 
China* 

7 

30-45 

Japan 

12 
3 

South Korea 

Malaysia 

1 
1 

Pakistan 


Philippines 
Taiwan 
Thailand 
Total 
Afirica 
Middle East 
Iran 
Turkey 
Total 

Russia/Eastern Europe 


Yugoslavia 
Poland 


Czechoslovakia 
Total 

Total world capacity 


•Includes one thermal black plant (capacity 
'Estimate. 


Estimated 
capacity, 10^ t 


1565" 
182 


20 
1786 
75 
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majority of which are not genotoxic. One compound that is toxic is benzo [a] 
pyrene [50-32-S\, BaP, often used as an indicator of potential hazard. BaP ranges 
from 0 to 50 ppm and is less than one percent of the total extract. There have been 
a number of studies initiated by the U.S. carbon black industry to examine the 
health effects of various commercial carbon blacks and their benzene extracts. 
Tests have been made using laboratory animals. Investigations on absorption and 
elution effects in stomach fluids and human blood have been conducted. Although 
the solvent extracts of carbon black do show toxic properties, the aqueous 
systems of concern in humans show no elution of BaP and no toxic properties. The 
BaP is believed to be so strongly absorbed on the surface of carbon black and in 
such high dilution that it is inactive in animal testing for carcinogenicity. Statis- 
tical studies on the frequency of cancer of long-term employees in a carbon black 
plant covering a period of 17 years (1939-1956) has been reported (44). There is no 
evidence of increased cancer risk from exposure to industrial carbon blacks. The 
scientific literature based on animal research as well as observations on carbon 
black plant employees show no evidence of detrimental health effects. Most 
studies of carbon black dust inhalation and intratracheal administration with 
animals indicate that carbon black is not carcinogenic. OSHA regulations for 
carbon black dust concentrations call for an average exposure level over a given 
time period of not more than 3.5 mg/m^. 

Environmental Aspects 

The carbon black industry takes extreme efforts to confine product during all 
stages of manufacture (45). Highly efficient bag filters are used to collect the 
product. After collection the fluffy carbon black is densified and pelletized to 
minimize dusting problems during shipping and use. 

The process gases from the filters consist of nitrogen, carbon monoxide, 
carbon dioxide, hydrogen, water, small amounts of hydrogen sulfide, and other 
sulfur- and nitrogen-containing gases. In the past the process gases have been 
flared. Process gas is used as a fuel for in-plant heat needs, and where local 
conditions warrant, it may be burned to generate steam or power. 
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anion analysis is also necessary. The anions present in carbon blade ash are 
most typicaUy sul&tes and oxides. The relative levels of each are dependent 
on the amount of sulfur present in the carbon blade 

Veiy low ash (as well as low residue) is particularly important for con- 
ductive carbon blades whidi are used in plasties for dectriod cables. Most 
critical is the setniconductor strand shidd compound that is employed to 
reduce dectrical stress as a thin layer between the metal conductor and in^ 
siilator. The presence of metallic ions or particulate impurities at the strand 
shidd-insulaior interface can promote premature cable failure. 
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CAKBON BLACK 

mftsstone The effect of structure on the masstone-partiflle size correlation is also 
^reat.' Structure has a depressing effect on blackness, with maximum masstone 
occurriM at ininimum Btruoture. . j. u 

•KaSing Strength. Another optical test in common usage to estunate carbon 
black particle diameter is tinting.strength which measm-es the abiUty of a carbon black 
to blacken a standard white pigmen1W)U mbcture. A lypical tinctorial paate used in 
the carbon black industry for partide siae control oonsistB of 20 mg of carbon and 2.0 
g of zinc oxide mnUed in 2.7 ml of mineral oil A quantitative companson of carbon 
blacks can be made by determining tiie amount of a standard black that is needed to 
match the strength of tiie test sample. , j. ^. 

Tinting strength is far more limited in scope than masstone in predicting the 
particle diameter of carbon black. Tinting strength increases witii decreasing particle 
sise. Below 160 1, tiiere is Uttie change in tint with decreasing partide size, ^is 
limitation on tinting strength is bdieved due to tiieincreaamg magnitude of the diffeiv 
ence in particle sizes between the white pigment and the carbon blades. The very 
small partide carbons are eff ectivdy hidden by the laige white pigment partodes. 

Tox&ii BmPAOH Abba. 
Nitrogen Adsorption. Carbon blacks difier not only in regard to th«r external 
surface areas but also in thdr internal surface areas.. In general, rubber grade oavbons 
have smooth, impervious surfaces. "With such carbonB, if structure is at a niinimnm, 
the surface areas determined by measuiing partide diameters from electron mioroBOOpe 
pictures and gas adsorption measuremfints should be essentially equal. The presence 
<rf structure, however, or oapillary connections to the interior of the partides leads to 
eoor in the calculation of surface area from partide diameter, and gas adsorption 
tedmiques are required for valid total Boif ace area mBasoxemeats. 
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0 so 100 . ISO 

Iodine adsorption, mg at I^g 

Fig. 7. Kitiogea-iodiiie sutfaee oomlatioa for funuuse bUcks. 
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andcritidiKdonthM«rticdSl«?^„'t2'''™'' «ria««lly "viewed 


but tiie high oxygen content of chaxmel caxbone and oxidized fmBWB^bT^SZ 
^these carbona tram satisfactory surface area ^B^t^ hy^^^Z^^ 

factor r^ponslble for the poor conelation ^H, oxidi«d owbons is 
^u^£±^ • ^ Pref^eatislly adsorbs ^^M t£ 

*^ greater the deviation from linearity forZnitrigeiHXI 
adso^tion wrrelation. A s«»ndaiy, but niinor factor, responsible for the^SX 
bwxodme adsorption valu^ for .m^ 
dine by the o^grgenated carbon suxfaoe. 


T u^? to ^ the term Oructur^ in more than one sense ^hen 
^Z?^^^^^^- nature 

been rrferred to, in general, as the mictosirwture. More frequently, ^tructo^Stos 
to tiie tend^cy of oarbon bUok partideB to form in fibror^r duL^T.^^ 
This ^perty of oarbon blade has also been termed re«cufato atru^ aggregates. 

Microstxucture. The early x-ray diffraction wk of Bisooe and Warren (121 
«i^d that carbon blade particles are composed of small randomly oriented^rajiite 
ciystalhtes in which the layer planes are stacked rcu^y paraBel and equidisto^ut 
m rotational disorder about the c axis (turbostratic orientation). 1?hey definBd oa^boH 
am^hom form of matter, neither^ompletdy erystaliiae ior «omptete!y 

tron migjt not be completdy tandom in carbon bladc<13). His studies On a thermal 
wacfc indicated that the crystaffites we oriented-the ^pMte layers being roughly 
paraltel to the surface of the particles. This findix^ was subsequently supportS bv 
the studies of Donnet and Bouland <H) and Heckman (It) by means ^^teetmn 
microscope studies on severely oxidized carbon blades, fledanan ftnd Hwfijjg X16) 
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